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.Igiaji 3I v^y>-i J^a- j -4 3! Liaa- y3 ijjjia-i 

.(»_L£. jJ yiaj V i'_OLa : wJ, i.Tmlij.") 1’ 

<=u*L^JI - 2 - 6 

l^~. AlUtl ySLoj (t ? ) <\jaaL'l j 2 4 Jjajl Jj( t } ) ialrSnUl j 1 AJbmJl jJ <LuJj <\l«a- Jiljj La. Uf 

IJLca v _ jt Lc IjIaIc.) .^ym-jbmJl 1 slm/ 3JI ^a cU^alla uVa^aj £Glj yjJl IjLA J3SL1 .yiuj 














E W>W>o\<) ak> ofiVix) om^bojlan 
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:,_ y L la*—> AdllaJl lalin* il wuSu rt3llaJl Jaliir*jl 

dXajtU a aIU»'I = ll 43lLaJl - 21 .a ll a a lU>' l + 2_iM . t" i Vl 2a lU>l l 





2Jb*Jl a.ift ^ a ,_yp>-jlitll J_a A3lia)l <JjLtjj V ^yjl dlajfcJl l _ y & Lj 9 ilk> aj jjAa-ll * 

: L7 Lj ' » 2Jil]aJl lal fl~» 'll 2Jjbua > i~i^ ) 

21 a-»ll 2_ijl£jjl A 4lU>ll = 21 a-»ll tUjljLQ^I A alUvll 
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ilwiaJI - 7 

^ - j v jL* -1-7 

<UjlJLu^l AillaJl JLjJb«j alna ( 2 )^ ( 1 ) ^jGJla- 2 J_jul 4 AjLastJ AjjiillaJl ALuasdl 

.a1a=*JI ^u.a >1 (t 2 ) AlaaeUl j £., <G^5t4_)l Ajjl^jJl AiUall^ (tj) AlrS-mlll £ E J djjitaJl 


cX z ■ - : -2-7 

. 2_U jar A£.l flfl | iUujjjLaJl idlaJlJl | _p-4J :^'jl 

9 9 9 

(<\JUaJl JlSLii JSLi J5U Ua>lj Ij$a£.) LjJa- Ic^Lojj i Acltiflll ,Ja-l.} ^loli :Lito 
J! jylu (»^, I 1 E 1 AjjlgjJl^ E 1 AjjlJLu^fl 41 a 3*J| AJiUa AjJlC. JJbtj 

t^JjliaJl J^.i.ll 4jjjei! <L3UaJl j%su 

( jt'iiii 4 !->•» ) I _p-*j) 2 AJbdl j AjjlJaJl A.<jj°i -.E, t 

(«U>7T. a U>a» , 1 AJbeJl j A^llaJl Aa j9 : £ ; 

jaea- Ja^iauJ Aj^iilJaJl <0Lxuaa«Jl t->c i : JLla Y 

jpD jJ^jj .Aj <_jj^- O^jaj _pGj 5 b^iUa Aj^jca ,_)aji - (4 j±ls«J| Alaf*-j>i*j _! 

: LuJlJ AfjUaJl JaLiia>ejl Uul 4 - . 2 _Ac. tl^gjl 

E C J+E ppi ~E C2 +E pp2 -.>J>\ Alaael] A_LjlgjJl iV3lia]l = l~. A'l 

: ( _ y L la**—-> iLj^allaJl dlxuas«Jt ijJ J 

E pp (jaiUi Jlaj - 

E c Jul^j (J-^J ' 























^ 1 ~ 11 1 (j 11^ . “j I J j A ' J "fc a 11 ■ a \ _J 1 

. ig_L» jjsu lijjjLj Ja^.1 *j 2 

?d_aliaJl 3 jl>> 3 jiU J 3 
.( J) J 33 J 1 J! (KWh) (jCL* ia '3 ^LSJt iJ 4 
4 ji -ale . (J) (tep) J' jjlaJ' Jp>- U 5 

jlxLa 42 \S^^i 


uUll 

: JISLLi ailUtli ,j <GaJUaJi JlSLi 1 sj 1 

: U^3 UJl ^$ 3~ l m a 1 l I4JUS O^! ■ 

£c ^ —■ j ’' <L3llaJl - 1 

Ep iLUlSDl rtiUaJt - 2 

. jQy* \ \)^ cfiiu jj S. j .a l i ^3-uii<aJ' ^Lc. 3 jl^-I 33 - 

fA i ^1^11 t\ 3 UsaJ '3 £Clll ^ ^ ‘y 1 ^*— 1 ^ll AlUOl J a • j El iLSUaJI • 3 

jliallaJi log,4.^) Epm 3 £cm joiUaJi JOU3 Epm ^-13^3^^111 

. <A_j ^ 3-*-]'5 AjJLlajlSJI 

£1 £p £c ^jiiUoJi ~<ujju si 2 


4JL42«J| 1 


_ ij'iaJ' v _ y ± 0 £>-^aJ rt mi 1 IL 1 aLsj«J Ec 4 i*— 

4 mi illj 


d_pLdL«Jl ’ - _ - ■ ■' ^Uc»3i'Li j a !i djU^]i <0 l4j«J AJualSJt KsUaJ) 


4jlj 3 SL uijjS*ju» rt_j_«b= djUa jji l£j * li 3 SL 4 J 1 <L3lia <U. 4 S«J AjlL>-I jjl 

ASU 03 


4jLj_i-aJI ^ 31 f II ^)y4L\ 








T I cw\(ro(wo ft\<so<v\o 6\oo?\«f«r \3 


.(J) wi^JeJLl dj J^SsJ’ a-L>-J «l J> 

KWh iaij jiA'i «i 4 

lh = 3600s = 1 * 1K=10 3 3 [.l^I 

lKWfc = 10 3 W x 3600s = 3,6.10 6 W.S 


1J $a> watt x seconde cUdJi ^SU 

ibJL>»^ = ^yAj 5 JL>- ^ X SwL>" 0 

: CU 43 1W.S = 1J :jj! 


lKW.h = 3,6.10 6 J 


(teg ) Jail ^ISLa 

ij - 4 3 ’ 1 _ 7 a^ o^ 3 ^' s .^^- 4 = ltep 

ltep = 4,2.10 10 J 


2 L-Ljya!i ]' 


i^j) A ^ AlUvll t ^ ii.i ■%. 2 uJllll 

03 J <£j=*a sU j 2 

iJUu j cla J 1 

>—ai>la iUiiaji Ojjjfcjj j» -L3 J 4 

t\j» alilajj^- J 3 

J 3 JU >(_,■» jilr^ jlC »l 6 

Oj^s a!a>- -1 5 

^JjLo J 8 

jjaalilta (_>ajLj -Si 7 

(a jy'°~ a SjU) 5jU “1 10 

aji ^ g )Lu 3 Ala^- .sd 9 

Aalai jjl 3 <UjlLaj Ji 12 

4ia it _J 1 1 


i_bJI 

. Ei <Lii>-U iL 3 lia .Ep A < al^—i cvilia .Ec A i*—>j->- KflUo J* i\j dJillaJl< fl i i>V) * 

Aiilia ‘O^ 4 Aim. < 1 L> A^=>jS>- aJL»- Jj Ala»- ( 3 ^= O’ Ajuj * 

• IJ4J A 1111 ilL 

>Epp <uJ12Lj A±a\£=> djjUca ^^lc. 1 Mia") dlaatl' j rtlaj- ^JOa-) X-d ^ m.> w l£= * 

• jBe ^ 1 ~~~—’ ^ i)JjUa lubu)' L$J l£=> AjUAA 1 llj A£- JJOJ I4I ■ " M tj\j 3 

.(Epe) cLujjj* <Ual£=> iUSUsa IgJ . ^UU>~ ...I <UL>- ^ ej\ ^^n', a l$J dlaf*- ,J^d * 
■ ( d-uli a_<‘^~~> El <Aol>IJ iViiUea aJ (... .J3J0 ■ L _)‘»_‘ ,‘^~> 3 ^) * 

( *1 1 \1 1 a 1 A—. d ^ ’ i-~> ) Ei £UJl>-'J A^lLa 14: (.,.. jSuoj .i^jO . ) AiAC. * 

.(Ei A3llo) a 1 M _.^ AiiUa l^J A .ll * 
.(Ei <ul>.ij 43 U 0 i^J 1 ami’ * 

(Ei a ) c^Ua) a j M j a _I —■ ttSlia (TNT) ^Li\j^r fl~i a 1' * 
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S*J 













Ei Ep 

Ec a1a?«Ji 

13 - 12 11 - 10-6-3 

9-7-51 

9.8-5-42 a..y.K..« n 
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^jjLiaJi J5—J ^ Al l a.* — j±hu (B) y (A) ^iJi AxjI jlgjJl wjlaU) ^$jl » ! 



77777777777777777777^^^77777^ (T) 

?((B) ^'jlgj -(T) ^ji) aIa j cJi j Ajjj*A_ll AiliaJl jJSkL •*! 1 
( B+T ) Alaj*! ' AjjsMJl AiUaU JuJu»Jl ^JSLilJl jALa .(B) ^l^lgill jju u La. V i f • 1 *J 2 

?(L) a <in‘>\ 1 (B) ^... a 1 aLS-*! 

AjlSLuISLA' a£Ua]< tlii jl the l ^SLa-i JJs >(B+T) AlaAtL! A^UaJl Hjno JIaALi • u 
?«Ua Igj <ulSDl AilkaJl Jji Ala ^flT»a a1a 3»1)(£C+£PP) 
?AlajflT«A 'J^j-.'.k jiLaj Ailks (B+T) aIasJl) AiillaJl £L^b J^igj (aJ I j) • T 
A aiu.ll ^ftLa .AjuuSkJl (A) ^jjljlgill jjlsu . (L) A iHi-irll (B) ^jj'jlg ill _vu-a-L> LaJLiC. •! _) 3 

5. 11 i_i> jys*- ii’i I,\A (Aj^itaJl) IgSLLLaj 1 _yJl 
J! (A) ^jijlgJi La. t if (T+A) ALaAtJl Igj^.'iTi'i^yJl A-flU^ll (jALa • u 

?aJ £UujI 


JaJI 

(T+B) aIaj*! 1 A-i^jc-a J 1 ABllaJi ^JSLL *J 1 

Ajl^s^mJI Iglalla jLa ijjj .^Jay ,_,- >■ !->-■. '-aiia 1 a _,... . II . aJ^sLu (T+B) a1a?«JI a_LSi 

.(Epp) iuJlij A_Lal^a AJSlka > ‘ II a~i ^LoiLi Ig S 1 .cLa j Jj.a 

i (T+B) aLoaJi j A fi— i^j«Jl AiUdJl jJSLk • l M 2 


■ 'I <j • a 11 (O jLaJI jljyv'' 26 


















£\&Mse>o\ 9 oJj&> o§VJb>J aiapwAsoo 1 ox><))\ cx 9 Viai\g < 5 U 3 Viv)b\ 1 ii\>Jo\ 


.( L ) d t i;i>:I' abejLi dot-i * i < 1 S- ^' (B) 3 jJJ ^ '-^ 

Epp djJUlj tLJal^a djiliao Ec d j -»- diilla dlaaelJ jjliS - A .If a 

dl/i-vM ( EC+EPP) d.j^jtl’v _ia ll d^lLaJl jLLif I \S-4-i d a'L-»li ^Lu^a JLaJbLi ^*’* * — J 
l»i dxjl-b diSlia JJLliSi Cxjl^s il^tu . dio j Lo ad djiSJl d 4lU>U‘4 dl\ ( B+T ) 

)y 

dJo f)in»d j 3 ^ ^f’ Aj^j iKj'l djiUaJl ^Lfl t (B+T) dlaa*IJ djlLaJl ^'j >» 3 ! Ijl • ~ 

. iUaa344*4 J3S0 ,_yJl <uiSLJl diliaJl Jj 

^(ECj) d_i^—> 3 >- diilka JLJU 3 .A£-J±u dj J 3 SL 1 .d-uiiicJl(A) ill 3 jJJl 4 i»U->l J 
i_3^ju Epp doJldkll d_LalSJl d 4lU»ll jj ^ ^lual aAjJlo jJl ^£3 d _,'la",ll d-LalSUi dkSlia Lai 

^ Lula ( Uin^ A dla^Jl) dlaaJl a jjb jwa ( T) ^vajiM . ~if ju Ijj^ (T+A) dlaau La->ld 

.(A) dlaatll d-JUii d_Ldli==> djlla \£. 3 KV 1 

dkalla JUJU3 j»UjLu dJLc.jjjj kjlia dJ £Lfljjl J! (A.) ^jjl^LgjJl Jj^aj LaJLjX. 

Ec 2 =0j d _i *—> ^a«jl 

.(Epp 2 ) iuJliaJl dJaalSJl diUaJl^^a (T+A) dUaeU dkalSJl dilkiJl Lai 

4 ulijdill 

j o>^' c ^' u- 4 ^yJ' dj^al^Jl CSX 33 tjJl Jj d_LuiUIl tlj^l JLifli^ dJbdi Jl* 3 i j*»-l J 1 
.diS jjjJI djiiju3II ^ dilail -U._i.Jl ,j ^Lj^SJl ^1 11 r-»\I J! d-JLa jj.^Sll dlaatll J! JLuJl 
/l(j i~»in) ^1 ^$^ 3 * ^ dfl 1 ill JluJ| cLaJl (j^ djuLajjg*—> aU-vj ^ - 

(v^JL. i -1/^j -^ i i i j ) ^-13 i a 1 ' .^_i 3J4JI (^Jj-Cl/' i~» in) 3 jO»-^l ajtil J^Ji-aa (LA^j^JCi 

.dJa^iJl (djjJu .jJAiciuj / SaLual) (^Jutuj/^alj) ^LauaoJl ^LxuaaJl 



d a <"i 3]! A. \^l <L) 3 aUaJl d I ... I... ' I3 d . a iLa 3U ^ I ... I ... U ^34 ^ J^*l L>. 334!) lar i _£j 2 




















(•yivjNi mvrn tO)UWUWW 


Jxll 


.(j-j 3_ij ) J! rta itl' ljr Li. _LiJi j cLoJl (j) tUjLa Jg _J 

SjjJuj (^Jjlj) —jj'u 1 > ij 3 JU (j-i^JLi) i_Li 

.dJSjjJl (j ScLa!) i _ r Lc. j ( jaLj) rlxux«Jl 


• HHI 

2 l j A . 1 —t . ,, > J| y J ' } m\ I 





Igj v _ ?T jjS 3-L-aX.i'^ ^b^SUl j^jJl la<fc4J>» ^lc bjblS cV-blola 3 J' AbabuJl dJL^b ^ ★ 
b^u[^j j^SDl dla^aJl i’ * J jLIaJ' J! 4-bLo^^SJl cb^SJi v JJaj ^ 
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.0I3SL0 s Jlxj Jl»-L» zi 3 

• 

: <C\JL>- JSJ A 1 ^ Albvll ^ /A 1 a il^ jll ^luiLiJl V ^ 
.f*JL 9 5 ^*~~D >■ Xjfl J Jil 1 

.<L 3 jX. s-i^uAi jM.iu'ia -il 4 

. c Lo ^jtuxj JL 3 ^.4 _J <Z 


jb) t A II 1 t 11 jljyV^ IO 






















E l&Msi>o\<) bJjs> bs\^ 0x500 boAan 




JsJl 



£i 


: dJL>» W 15J A-J uc^l! ' j Ai ^}\ Alill JljJLtO 

A a 1 U» a| 1 

k i l i _j 


Ec 


3 

•3 


"& 
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»o 





















i_U)l 

c ->• Uin, , Jiai - l JU', ;■! «l 1 

1 diuj^JLj <^U jj ^SLaaJI ” Jki-ajl _L~-J 



iu^alkx!i aLuIuJi - 



■JLjj a II l « II jlj/v 20 


















■'_0-l>* . la j^a jSL ~ ■ ,s\A Jlx-Lll *J 2 

















a , a ^ Ji a| 




■ i I jj ■ a 11 I « II jlj 












SWWMWilfeWUitftffti li*^\ oW, 1 



As»lj_lJl ~L--i-a 0 -' 1 i'-LaJi jk «J 4 

~ jfJSAj' ^LstJl 


4 AjO-U 







&J 



\+j4r= 




















axil 

a . a jll itL^L^l l iy 



. i H ^9-L.aJI jlj 





















A i -^111 «J 



Q 2 =Qi ~ 


-a ll ^w> Q, iJJ jStj' _>L^>- “I 1 

> j-i! Q j=PVm j -f- Q 2 juK.li aiUoJi iaUt>J! ijua .>..»■ 


Q, = 900 - 650 


Wm 2 +Q 3 =Wm 1 . 


Q=250KJ 




Wm, ) _ J 5i L faiK_.a li _J_iii 2 

djllal' la 1 a> i} ijLl« » xm>- 


Wm=Wm - Q 

2 1 . 


Wm 2 =620KJ 


.jj!» Wm 2 =650 - 30 . -l*_l3 






















q = q 2 + q 3 

Q=250+30 


A m 'it .All <ui<LJl djllajl A ^1* '■ V.J J] 3 

ir*>jm ll J! Sj^>- I 4 J JjJL-x-j JUI KallaJl KalLall KallaJl 

• jj! 


Q = 280KJ 


n=- 


■> Lea & i 'Ut^ Wm-, 620 


1 4-3Hal 1 K1 . 1...L 3 4-3llalI -'--i- 3 Ti 1 i^.wl 2i i 

ij\ I 1 llj JaJLJ Jj JjA-Jl O 1 ^1*1 


a .K 1 i iiliaJi 


900 


= 0,689 


r\ = 0,689 = 68,9% 
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K 1 as»Ji yv-xj 
alia j-Juajj U j 1 
(_J! 3^aj t _y-]l Kallall IaK.i JJla- J 2 
?KL«j«Jl 3_Ub j J->Jb«3 ^_yJi KiillaJl JlSLuii ^yfcla J 3 
?b^iUt3 K1 j^-a-a KUa«Jl j\ f '1 C I 3^ J 4 

jLuLdj _l 5 

. ( hJul4 S^ 4 ».n ilb < 4 ■»': -iLl^>- O^ 3 _)! ? Ec 4 Kalla jjajSU 1 

? Epp KJLflj Kl«l£=> 4ilk> ^jVU Ja -J 

Kalla 3 ^>- a jvju . IA jUifcj ^yjl Kj-l.jJL 7 t.il KUacJl .^' JJljI^a- jjl^a j! 

-KjJuJbcJl KLlaJI 0J 4 I AoJIKj 4_i_al£=> 


.^j-u-ftJuJl Kalla j, 

(Q)^A^3( £ r) ^U-l! 


a )i’i KillaJ Kj , 



Er 


v^J 


Jl KL 


Jxll 

si 1 
si_! 
•J 


Q: 




iff 


Er¬ 


in n»ll 


£1 , Ec , Epp 


jjz 26 


















£VftMfoo\g oJjOr cxsVJb) buuJcuAax) 1 ox>g)\ bsUaMg o^VuJdV 1 i)bJo\ 


£buiVl ^vC. Ailla £xuaj l^j^ j i'l <U^> jL'if.l ^>SLoj b’ *J 

• (Q 2 )»j'^'3 Er 2 

^JQJLa I. Q ni 1' A 11.1 i U i &£. JAJJ Jj-i' lgi3 Q ml t J^jLj U-l —1 

. Ec A^i==> diUo 

■ \£Jja ^JljlI im <IL) ', * .*' 'I A£-j-uj ^j-uUlj- 

Epp iUJlni <Li. j»\£s dJjUo I AL»j*J 

A_i_4h=a djlla J_jX. ~Q 1 ^ . I \tfl. 1 if Vl- ij “ * T. U ) ^Jb 3Ju Jl>- Ijyytd ijj 

.^bjSU Epp iuJlii 

10 t-ijviill 

. JjU j*<— a ^ylci ^y» <UjlJUjl A£-J^u J^Jli (A) ^j-0 <U^C. jllrtV l 

BC=X 0 *-a .dJ X q la'inVi) —iJoe-jj .<Aju 4 j».- > _ ~ <. l~i j fJlLxuaj (B) j 

<\l^>il] Ei <>_il-viaJi ^ji wJlSLu->*^' ■aijj .^j\ a^ I ' i i i I ' ^ud 3 ^ 3 ^ 1 

. Ajjlj i _yfl_l3 

(A) 1 

_ fiUN 

B C 

^l<a I A im ill i (C) £a£3^0_]I ^5 &£. y±u l _y&l-4 J 1 

a .... ■!! i l^L^scj lalabi^ .bjliaJl JK,7.i (C). (B) . (A) ^ J 2 

+ <Li^aJl • _j <L)jjJl * i : AjJUJl 

ill + <UjJl)I • j 

* 

(A) (,ji»j5fl + ^wajli!' + Alo J tJ <U^iUcaJ' <U-ju^ar*J' JJl4 J > 

.(C) 3 (B) j^> 3 *Jl Jjj(Oi(B) 3 

J 

: JUJ' ?rllrtn->4 ll Jbfcj L jaJ j 

£*£>3aJ| j blaliubjl J ji l _j-ulj BC=X 0 ^xiliil ^alSf i ial.iaaajl JjJjyi 
• ( C) A ^ a*o j.l ]' A£. j^u l' j j b' > ‘l . i**J ^ ' j 1&3 ( 
V=Om/s A 














i IpL £9u Jo’-a-i \j .<V3UaJ| JISLIil ^j-vjju *J 2 

(^Li^vxJ') 11 tO ^ «, ■> 1 ILj • i 

. V A =Om/S 3-JLJ iujljiil AC.JMJ C)$Ju Aj jjJl .~.fllL^'il A j • 


.Ec =0J 

A 


A.jIc. j ( w “3j i £.<■ > • _jl3 IjJ Epp AjJlii aLueiiss A3Uo 

Epp—OJ ,jl J^aj (jl Uas«Jl ^a $ EPP 

£l <Li>w a3JajLi _3^ju La y 'Ujjd)(£ ) rtoj^SLuj^x^Jl A-flUaJl ^ytt-u 


£i Ailla _L>- A £us ^aJl j 


JUJLj_j -V. A£^». (B tf>i; ’’ J! I 4 J 3 ^ l^iavLui Aj^xIi .-iaIL-i'iI B <_3 3 ^- j • 


£c 


B - 


Ai'Jca vlujS- 03 j$SLj 


(£c fl + £ 1 ) d^lla tUjjJJ £ j 


. ~ 1 1 O » ^ ( 


^jJUJLi j V c =OlTl/s A-ijjJl A£.juu .“aaO.'ijt C a-^a^a- l J • 
.&^1>-1, til l4l3lia V->2 l3 


Ei A3lk» A-ijjtll C jais^aJl 


1 w U j**'i It l-i a't 

Otiuu£-»l A^sl)' ji (lVm,>0) (Wfalj) (J SLjjl£j-a (£) (J! (^ ) J-A ★ 

•A3Ua 

jjoia jif (lVrn 3 <0) —JLu (Wtn 2 ) uSLxjlSLjLa ( C)J! ( B)c^ * 

• A3Ua 

* <\_i >jji) ^ itl» * _i 

1 ji! . AlasaJl 3_Li J l£i£. Vi.3 <lJUlUi iLtalSUt A3ll»]l Lai t Ec a =OJ A ' _a 4-»_ j • 

_3i»J* E PP _ 


(Epp + Ei) AiUa AjJ jjl) AlaaJ (A) £03 $aJ 1J§ 


£c„* 0, Epp=0J B a»«- j > 


(Ep B +Ei) A3lla AlasaJ (£) J§ 


■a . it .j , j il jljy/^HO 























EV&Mi5d\9QiA>Q»V^0#O))VlB 1 0J>^\ oW* C&\l)Jb\ 1^\ 


ajulj (Epe) ^ 3^1 aiOaJi^ ,«dS^i Epp B = 0 , Ec B =OJ j • 

. a jui j _L>'a j%£. ^^xiUJl^ ^iajljl! 

El rfjlia + Aj^jlII) ALa^*J (C) 

(^AiLiJl * *1 j.-. ijl» • _>• 

9 4JUaJUuI ^s '3 ^yil fl") V <0 JjJls»j <J . u ij ilnll AJ 3 I 0 j ^y-ajLiJl A j • 

Epp A jc.<+£^'i$.Ec A =OJ Usu \j.Ep=0J ijj! 

El A3lla (A) ^cs^Jl 

Ec fi *0J, Ep =0J . B j • 

(Ec b +£i) AiUa ill + aL*j«J (B) £ 4 ^ 334 -!! Jg 

_ Ep y *0J, Ec=0J _ 

(Ep+Ei) A3Ua (^y^ajUJl + AjjjJl) aUj«J (C) £u3$aJI £ 


•* * <LljLftJl) AJLoJ*JJ - - - -'Li » 

(Epp A +Ei) 4iUo AlgaJl 3U$J (A) £-0*0 J 
(Ec b +Ei) A3\la aJUj«J' 3-I^jJ (B) 3 34 J 1 j 

(Ep e +Ei) AiUa AUaJl aj$J (C) j 

: A»lA Aicx>-'X» / 

il.,.',i - J'—^ ^ F; v-^. Ti ^H'U 13 Ei=0J £*3$ * 

j'l ♦ AjjjJl) Al.4J»J Aj^iUal' ALij A1 3»]I »1 «"> 

(fi) * (A) ji-x-o^A-J' ^aj • 

.AillaJl a. UC 1^x9 r jJu 3 . U*—> AjJ^aC. AcUiiu Aj^flUaJl aLu^s»JI JAaj 

iU^iUaJl <0 lu433«JI JjJlAj a! .y$.u '■--»* IjlA 3 Ei—OJ Aa 3 . 1 x 4 aJL.~>-IJL]I ASUiaJt ^Jjlj * 

w^BL-_ : <LJ12lDI ^JudlSJl cVBliaJl ★ 

Ju : ^ j *■—>^ ^* 







































m>S\) (nvl 


•mvm C»v<y 




■ ( Q) 3 ( H ) • 

^wa3l ..-j : A ★ 

Ju'^Jlj : <Lu a iLualSJl * 



> ( C) « (A) jru • 

■ . -„a : ^ ^ * 

: iUu P j-4 ^' ^LLalSJl ^lUvll + 




1 1 l_U£i}l 

j _u3jl’ : <J i£. ioa.n'il . (B) ^ub^oJLi y > 4 ~i °i (A) Jl Ir'Vdm'i 

(JS^O(C) 

jO»3«iJ £1 iuL>ljJl <L3liaJl ijl jju 

(C) j (A) jjj Aiiij 

(jjbjifl + AlaJtJl jL't.f Li • I 

( C) 3 (B) . (A) J « 0 l 4 J«JI cLdUo JlSLuii JJL>> J 1 

U» ^fl...l l A^skj 

. (C) j (A) ^j; vb^ll IJLfl] 4l_ii«-ii»ll J 2 

( <Ul 4 J*JI jLl 1 £.Li * u 

. 2 3 1 ^j-Jl JLCi 

^ & S k 3 lla , i ^1 , \"i ^jl yU 4 ini 1IL1 y *\■ .1 a Ja j)t i M i Jlxj •->■ 

abUaJi cUl) a. xu^tj Js j'j a ~ ■V 4ji ^ j^iil 

. Ajulii 


B + 





t. ~.i ij. a ii ^ 1« 11 jlj 




































JE V<j cvLa^!- o§V)Dki cxvav^oj)Va» 1 ox>^\ d9\}&]\<) aUi\^)t)\ 1 i) 


* ^osJeJ') aLq^cU A *».i V jLi * I 
AjjlkJl JlS-ji *_■ '<•* £j 1 


Ei, Epp A * OJ, Ec a =OJ ■■ A fLu3 $+Ji J • 
Ei, Epp B , Ec b *OJ j • 

Epp=OJ, Ei , Ecc : (la^iuJl aWv*-') C ,Ku3 5 -aJt J • 

: A . jLi . aU >-»-*0 a ✓ 


. AiulmJi oLsbaJl Jl5Lui ^y»(Ei) j JLilUj . Ei—OJ j\ i~icl ^SL«j * 



(B) - -Ja j-<Jl ,J\j Al iifTi-xJl li — 

_• ^ ' ~~ : AjHa'.'l AJljISL]! AiillcaJl * 

JLjIJ jjj : A ' i —' j •>■ 'I A A lL—%M * 

a 1^5*J A_uu_JU_* _i 

Ailla]! JlSLil Jlj_ b*3 _) 1 


Ei , Ec a =OJ ■ A 5 -aJl j • 
Ji-Jj («J AUatll a-Li J Lu5/ Epp ^.15-u 

Ei, Ec g Ji J • 

i j^ a j Ajjli l^jSf (B) J§£i Igmfl’i jjA (A) ^ub^^Jl El 

Ei , ECC ! AJex»J) : C Kuaj *Jl j • 


A—l j-jll-.l 1 Aj i.u -..-xJ J — 

Al4>- ^bj5/' jOuLj (jAt:eJl) <KL4f>- j Ali»-lj j±L. l ^3j'}1\ LiA 

ui> a^ii JGLlII) LJ SLxilSLjj«Jl j-a-lll IJl 4 j .. jJtstJl Alafv J! Wl 7 l LSi-j-'ilS j-a Mj^ sej 

■ (Ec) A _i ‘L —. J Tr 11 Alalia Jul yCx?i t jaj'£\ abejb 1-iflinj jJtaeJl ^Jiaej ^5 jjl (^atael) 

: | _ 7 1j L»fr-> Aj^llaJl <Un/v»ll I jJ 

































^ ^ 43^; . ‘ . «TtJ J_- A t ■ n ’.lb AjgSLuj^ ^ ^ ■ ■ ■ ^3fc3*J' io a ... Ill * _>* 

cWV73^\3%i'' AJl31jA — 3 _■ ■ >T 3 . v *^>* A^-jJ ^ 3 IiJ^Ja .A in (I t 1 3 ^A —’ 

_|I JL3 ji) ^ai_ ,,^-n i jC. <u'ji_i^>- jbuul^ wilyi^V Ep m ^ Liajia . EC mjf Ajj^SLu a^SLt^Jl 

(jEi ) iuia^'jJ 1 iCi ^3 _-3 A >IlC j 10 10 m ^5 uUj)aJl jbui JjJLa*- j -iLiia^l ji 

. AJuLj I^Laj ^ualjJSI jS^AJ V ^UJLi^ JlJjJLu 

12 


A—J -- - ^ a..l; ^w3 j is''' ^la-ui ^a^ja h—4l7l ^Uijjl ^4 ]rafl»* j) ■**—_>- bJj\j 

4~. .I\ jn.,,-^11 Ft <uL->uJ) A^UtaJl ^ji jjj 

# l 

2 U^ju <Jl &5 - 5 - (iuKI 1 AiUaJi) £ 5 Epp, Ec .~i iuu> a liila 





+W 


40 


♦•/jCw; 


-+h(m) 



~-+-h(m) 


. JjJlslIII £-0 . Aj A-luiULI AjjUtflJl,_, I -» I a __l£.' J_l=» “J 1 
Sb^SUo AJaJjL4 ?AJo ya-xa ) AJuaJl A^lia jl ,JA ■] 2 

V, La ila*-! jjj 

h = ?m £Lfl~ijl ^lc Al^-vU A_i jAlUtll a!_, I J', a «j 3 


*JLj^diJI jfl9.l1.ll jlj // 22 



















£V&Ms£>o\q oJub> ovaOboAsro 1 ox>^)\ o9VJb3\Q 1 


axil 

; «*>lrwi »4 w l£J AjUaJ 1 . lj. L>~i 51 1 

J\^s\ j^Sj ( w u3jl - ,<m>) cvLajJ Epp A_jJliuJ' iCualSJl AillaJl ji - c 1 ■»' ► 

j*.Vi ij La.t.if (Epp = 0J) A-4 j..li4 ^ ■ ■ '->"< j Ls ^—■ h ,jl£=3 U! 1 _>SL«j L> 

.( h=0m ) £lij^i 

(AjJliluJl A_UjlS[Jl ** AlU>H _C j~...'l ^y£ jLt~ld ^yLC 

: oj! . (E ) ^jixi.4 *_0 JjUuJI ijjfc 

.h = 4vn £liuji^ jJlc .1 (Ec=OJ) A 4 .i i i 4 > j 3 ^' i ^ (^ l ii. 7 «l l Ec AJi'aJi u ’13 • 

I ^ w ."~". 1 j j:^' ** '*1 '■■ a ...->'1 U> I l(j~ « J A , 

tjlja <\-l1^3 . {h-Om) : fJLajj I 4 JUC. E/~=40. 7 j<a_< la «U>ri 

•• 0-^1 

tuiSJi icvilLaJi v _ y k- J) ilrtij V 1 . 1 A 3 ,jl£a L 444 . E . = Jiyjlj ji *>>•».M'i ► 

Ea,,K!» AillaJ 1 ^JJi.4-1 £, ^ik 14 li j* . £ 


£ 3 =£ 


£j=£c 


£c j-4 


ijE. 


£ 3 =£ PP 


E=Ei+Ec+Epp : u^= iuisui aiUaJi aJjIm j 2 


( E 3 ) 

(El jluj 


E=Ei+40 


E=Ei+40 


Epp=40J ■ (h=4m) t^u^i Jll.\ J • 
Ec=OJ 


lh! 


E=Ei+40+0 

h=Om 

Ec=40J 4 Epp=OJ 


J-i! 


^JIUL)3 Alaye>4 AlA3*Jlii Ayjl$jJt£ = AjjlJLjj^'l E jji’ Aj-)Lj(E) iaa-Vj 

■ aJ3^jl4 


: h—2tn A_l 1 ■ ■•-»-»'! w l.j‘«A4 

Epp=20J ! ^ji E 3 ^j'|-> U ll JL3U l_LS> ^yLc 
Ec—20J : Jb«-j Uaji. Ej 1 4 ll ^y>j 


33 J 


























d-j-iLy* a 11 I « II jlj 












oO/SH o9\i*)\<) dwt)\ 2 o»<)U a9\i^\9 CAUu1ud\ 1 ubJo\ 


1 dUA 

a§\y\g cijV(jJo\ 


4u£=> j2*S\ <LallsJi^ *>2 5jl>-i 

EcW 




\ ^ ^ i \ j! ^ /iL^V a \ . a\"i^A . **ilj \.ii a . ~i i a i \ jj . ^ iVi^ | C..i^l A j i \ | A ^s 

.4*——• cLui 



i 1JU-* 


a_, | l^..,'' 1 ii«j»',...a j\i RR R j'... ^ li AA A jUu^Ji 



























j! BB B jLu-oJ' Sy& ^ AA A jLu-^Ji 


^yjJLi IgJ jLu- 4 l^J gLxjl^ni »} I 


1j ^5 jjl • i^oOcjl iolnj 


Lul^">3 l^usjJu^ A_i_4 ^ i a ‘*—» Alr^jflj jLt3tJ ^ii,U IJlA a^—%j ~w »A.if ijj .V AiL^uiJl 

^1,T4 .1 tfU-uiJJlj V &£.jjm v i.A qJ ^){ iJbk *~~—> LiuujJ v- 11.A » 

.^JL4 

(dAjlx**u'i)l d^vxll dlb-j -H'\ \ T\ dec 2 

I 2 

jOG i cj\ .A-jJJ ^ jJl ^GlajI v~a a iui IjJ V, gf l$ji 5 ^3 

Lj! S^oJl 


V 1 n " M a jA > 11*i t /) < l l 

_ A <^0^i3L> c£ gCjIj rcJuvx- 2 2 

UB^jJLJ 

A B ^ »<>*■■■ ^ j| l..i a ^ 4 a ^yjj \_ ^ \*i f 4Julj F <Lulj *> J A 

W ab(F) = F.d cosa , aju, ^l^ju 
AB^F ^ AB Jliij^i 3A d , Ju 


?/ f/ 

X a d / 

. r , ^ ,,,, i. ►£.v ■ 

I B I 


A t B 

Jliij^l £lxJu 


aJU 


a=0° 


-► B 


jLill 

;gi_ ^L> c>»JJL» 3 2 

.JJoaIi il 


a = 0: j\3 <U4f>- ^uJLi J3 AB JliliVl J-«L>- ^ J^= 'j! 

W^gfF) — FdcosO . j.j^ a ^ajJi jjbic. j ^ya$x j cosO = l > JUJL13 


WJF) = +Fd 


lP! 


. »J^Sfc4 J^£. Aji <UC. J$ij Ijj 4 W4if»*5^ W^FJ jl 






. ‘.I Jj ■ a II I 9 11 jlj 












He. W r owV>o»jV\ ap^\ o9VJb^\9 lUsiV 2 ox>^)\ OdV^Vg etxiVivijV 1 


p jliuJl «| 


F 

-«- 


a = n 


cosK - 


—1 £A CX = 71 


WJF)=-Fd 


i ^. ' i ^> . AB//F ,J^L>. Ijt 
WJF) = Fd(-l) , tXlA3 


AD 


Tt 

— = a 
2 


-*B 


p^lio Aj'i Ajte I-il it—jJLu W^F) |^)l 

P Jjj-iJl *J 

CL = — 1 AB _L F (Jjl^=> I jj 

^ 71 

COS — — 0 ■ 4jL0f 

2 


WJF)=OJ 


WJF)=Fdcos^ = Fd(0) , a jj 

J^L>- ^jk 1 o$iJ' (J-«L>- o^ 3 *j! pjJL3L4 Jo'.I Ia 

:Pju UU JrU 4 2 

: J-a—. a i JU',,1^1 4JL>* * 


Tpf 

0 =a : ^ 

1 \ 


1 

b; ; 




cosa = 1 : j j> 
_UlaJi iUl»- • 

AB ( _ r i3sJL«JI 5j5L!l j\jiu» iJjSL) iUbkJl 0 jui £ 

WJP) = P.h.cosCL 
j^LsJl A 

: J j| h=AB.COSCL : oj> 


cosa = 


WJP) = P.h 


•■ ^3KJ ... a . U L l l eLiil jJjttjJl w L*il * 

jjl m 4 —-> l t7 4 i*\ 1 t^J^abfcll L _^uiu l»^J h $ P i UvM'i 


-v c 

oA 

P 


WJP)=-Ph 


•O-i! 






























►N 


j jJiuJl JjlsLij (Jj fjja ll % (JijJl J-a£ 


.^J\JLU3$aJ\ t JJJ H 



£U_ojJb \ A£. J *3 i |1*V,I. 1 



.M d ~i 1 i*~z> «'■' ' a _>*—-> a^Ua]i 

: <uJUJl JjUjIIj Jau _£-*-o ,< iUa ! 


.(Kg) _> ^...t*) 1 a i~i*-—> -M 

.(tn/ s) _j a mi iILi ^ a£.jum .]y 

. (J) _i ,-q 11111 dJiUaJ' : £c 

















1 L-ijyuJl 


m 


: _) JJ a~i_i AxjbexuJ! <U *_5 -Jl31 (^»i J«jl J 1 

<\LaUb ( Vf4» -JjljLu-a * i 
- d «'" -i * a cbalij .~<ljl... a • t_j 

i SjLlsJLi ,-Q..iTeJ d ^’1 a~i jl vliJisu .ibub F ^) aC -J 2 

W(F) = Fd.a «| 
W(F) = Fdcosa • 

W(F) = Fdsina • _>. 

_jyui f«JLal mi lib \ r dJlLiC j^=> jji M ~~ - ^iuT«' ^ cliilLaJl J 3 

Ec — — M'V *1 . ajbaJb Jssju 

Ec = -MV 2 
2 * 

Ec = -M 2 V • ^ 

2 _ 

^JcLuj h A£.LflJjl (.A) )l ^j-4 tf\ 1 fl ) • *-* j A fl i. ) } ^ | ' P hi I' a C _J 4 

: OjbuJb JiSJLJ. Zg _! ^jjl J! 

W(h = P(Z A -Z B ). , 
W^p^Zg-zj. M 
W(P) = -P(Z A -Z B ) 


CM 

.1^4 t w_j jj 3 » wj^2 k 1^1 





2 



S\~n~, ',1 . .F — 1 ON Ig’ia.i^ cG_lb F 5 ^3 <U3 jj ajj .M — 400g AWi ^—> 

1^ < ~~> F OC = 20 ° iU^lj d 






d=4m 


. F a^aJl J^c > im-^l iJ 1 

^aU > v^^...^" 1 i ac IU>~ nt^l. i..i -wi _j 2 

.At = 5$^} 


axil 

: F ** jail ^'. F a »1i »J . 

i jL=«j ^jaaj^auJlj W(F) = Fd.cosCt ■■ ^ W(F) ajLix. ) _ > lrvTu 


W(F) = 10x4xcos20 
W(F) = 40x0,94 . 


W(F) = 3J 


P =z7,6 Watt 



: b ii!i j_LjJ P iiuiij)JLaJl A'l ±] 2 

D 38 . D £ n W(F) 

P =- : JlSeJ ^jaaJ^ajJb P =—i p=- : ^_yil 3 jLuC. I 

5 t At 


3 a^l 

JSLlJi 4Jul 4»^J1 3^11 DjLuii 

S R. P . F JlwliU -J 1 
ajLuJt jl IaIc W(RJ ^ IVfP^ ^ WfFJ . ■—--I j 2 
.<i = 2 Km Juclai ji^ jiua 3 jJ 

m = 1400Kg ajL-Ji Ali^r> 
g = ION/Kg .R = 1,2.10 4 N . F = 3.10 4 N 


Ljj_hLJi (°9- l -*- ji 3 ^'y/ 40 






















Ec.WavA>oauV\aO/d\ a9V^}\<) dasM 2 ox>^)\ cxsVJb^Vg e3lu\iv)o\ 1 ti 



.(&£=>OjloiJl ^ : F 
.P = mgbjUiiA\ : P 3$iJi 

. ojLiUl !^£. Jjj^LaJl Jj 03a lL ^ALi!l a^i : R 03^1 

(R ) 3 P 3 F ,Ja£. —iLia^- _ 

Jljfljj^'l !_p^j la*—? .<^^11)1 

► ^ ► foQ u^~*~ d 


W(F) = F.dcosa , d = 2Km = 2000m 

a =0°: jj! * «Ci£> o^flj <j§3 d J^L> 


M/fFJ = 3.10 4 x 2000x cos 0 


&-UiJ 


uU^J acF Jja(+)SjUyi W(F)-6.10 7 J=+6.10 4 KJ 


.W(P) 


K 


c?(>L> 3P J^L>. :lV(P^ = P.cosaLyjJ 


W(P) = P.dxO t 


W(P) = 0J 


W(P) = P.dxcos = o-»! ^ 3 ^ 


fyJjLA Jliuj^l 03AJI (Ja£. jjj 


a =30° ^jOL =150° > c &,W(R) = R.dcosa 
W(R) = 1,2.10 4 x2000 cosl50° , oji 

= 2,4 1 0 7 (-0,866) 

W(R) = -2,08.10 7 
W(R) = -2,1.10 7 J 

Jac yb ji (JLc, JjQ( ) 0 











4 <— 


. _^>>! iuJUJl j 

A 


A 


l 


I 


B 

4jls«jl 


B 


i djbfcjl 


B i 

idJbJl 


AB = 50cm . AB Jliii! J»i ^.F = 5,ON 1£Ujl 9 Jill F a^i 

10J 2,5J. 250J i a mi illi j 1 : jjLu 

2,5J , OJ , 2,5J i u <01^11 a mi illj ij 2 

-2,5J . 250J , 2,5J i ->• rtJlatU 4 .mi jib ti 3 






ubJI 


-2,5J 

£j 3 

OJ 

■i 2 

2,5J 












































































































Ec. WavA>o»W\ aO>)\ biVjoilq dasH 2 ox><)H 09\^\<) dGjViObV 1 iibJbl 


: 

: jL—J J±=> J J^H' J-»£- * 

W(P) = ±Ph li 5 jLl»JIj h J^aLiJl Jliij^i cl_ul (P)Jilli 5^3 1 _^cuu 

JuCl'l ^9«j jl£=> Ij| ^oejj t ( + ) 5 jLL'i’l 

Jiu*i' 1 J1 fl ~i jb=> tj] t (-) 

.(fj) £UujVl vJJ ki . U iij lai3 .*-!] <^lm a I' Jjj J<aJl ^ic . La">ij ^ Jill I Jajl3 

v .(B)s(A) j* 


W(P)- — Ph--mgh (1) jL^ail * > ... i l U » 
2cm_i Jla^ $A$ (B)$ (A) jAj^^flUJi^liuj^t -.h 

h = 5 x2 = 10m s jj! lcm -► 5m ^ ^Jt^Li* >...»•>• j 

W(P) = -0,1x9,8x10 t Jbfcjji $aj 

W(P)=—9,8J 


W(P) = OJ 


•,(2) jLnaLI A ' ■ * 

t O-i! * h = Om 
t ( 3 ) y****-aii 4 f m \ ib * 

R 1 = 5m Li& (B)j J 33 LU 1 ^Uuj^i W->a 3 Jj .jLitaJ' p 4 J (^gj V 

W(P) = +mgh .jjj 

= 0,1 x 8,8 x 5 


W(P) = 4,9J 


6 


m = 58,4 glg'.U^ ^juJubjSl 269Km/h iu .jjm Jjjcuu <*j 

.Ec <Aj.£=-> j-3«Jl Iglalla k_« 


) 














Ec=—mV 2 

2 


t “ '*"> 1' ijySyj ^ —‘^OsJl _)L_>. * 

: dj*—A3 UaJ| SjLlC Jcaaj 


269 


Ec = 163J 


V = —— = 74,7m/s. jb*jjj(m/s) J! V = 269Km/h ■. LujJ 
3,6 -j 

Ec = — (58,4.10~ 3 )(74,7) 2 
2 


7 

A^=>y>iA jjiij .~iVi i _ T iai j 03^.11 li ^y>M = 1200Kg r» 

.d = 200m ^ludai Ujlju i(108Km/h) iu.jaJi jLu F 1 =3.10 3 N 

■ f = 300N lg"i < 1 ^ Ajub f yl)K"i->-! i$dJ ^mHVi SjLauJI Jd Li 

. dia3*J( Ec,) d_i^ 3 jj»Jl IjjJLalla . im>-i J 1 

. 200m djaLu^a dia3«J {Ec ) A Jl l^lalia i ,I|||>-1' J 2 
,(AEc) d t*—) v o«Ji l^-iaUo j _£jtDi g j Vinit j 3 

IgjJa 0^1 ^^aJl (C) a jUiuJl dJUcac ^£. ^JJuo j4 

. 0$3 JSU ^jSLjjlSLoll . im>-l • I J 5 

a_Li *JL4f>- Jl^C. i ^4M ? ~1 j'»illl • yJ 

<~...~i iju WfE^ ^ AEc a j ^ • l j 6 

. l«ci ?dri»j~i ill ijyii IjL» * v_j 


ojl.i..,)i yj ^— Om/s jSd 


dlr»-»lEc, tU.?—Ig'i^Uo -jLo> ill 

: A i<~—> AiilitaJl SjLlC 


Ec, =—M 
i 2 i 


Ec, = OJ 


: jj! ^SludJ' ^j*A \ “ Aflllrl')! 


4i * > Ljj < 4 H 




















£c.WouboaiV\ ap>)\ a9\ii)\<) daaH 2 ox>^\ oD^lo^Vg dbjVjiObV 1 ^V>JbV 


:Ec., <S_^=JjJcJl - -O* *i 2 

(m/s) JlJ$*jV 2 = 108Km/h Ec 2 =^MV 2 2 •. Ji«Ji 


7 _ _ 108 __ . 

Ec 2 = — (1200)(30) 2 V 2 =108— = — = 30m/s 


|gc7= 5,4-10 s J 


.AEc 


AEc = 5,4.10 s -0 < AEc = 5,4.10 s J 


Ji AdUall ^ 2 4 i ^ . i L.« *s- _•) 3 

AEc = Ec 2 - Ec 1 : Lujd 


: 5_)LuuJ' 5ji^ j2iJ> *1 4 

. .*> jl i, .■ ‘ 11 A Ul^r j *-—’ • a (C) jy jjui 

ajl.lnilt : p 


.fljluxuJl j JjjjJcaJl JjlS •■■_« La Jj) ^vtoaMUl d_i aLoUJl ^ i‘—> j-aJ| R 0 

ijlSL^ftJ' JuajJ' • I "1 Z> 

J = +F = 3.10 3 X 200 = 6.10 6 J 



W(f) — -fd = -300x 200 = -6.10 4 J 


W(P) = OJ IJJ ^Sfl JliiiVl ^ 5 P jaui ji 
W(R 0 ) = OJ ijJ ^yia^i JliujVi (jlc 8 0 Lsaji 

* 3 jLulJi ^jlc. \S JL*£.i £_9»a3fcA v T iU> ■ _j 

YyK?) = w^i )+w(f)+w(P)+w(T 0 ) 

-6.10 s -6.10 4 + 0 + 0 
Y J W(F) = 5,4-10 5 J 

















J^l 

t Jfl~.ll S 43 JaC. *J 1 

W(P) = +P. h ■• O^® aJI>. jiiu aJl Uj 

W(P) = mgh = 150*9,8*100 = 147000 

W(P) = 1,47,10 s J 


A . ‘.I j . a II /s^ I m II j|j 














Ec. Wau\>oa iV\ aO>)\ cvsV^Vq daaM 2 cu><))\ odVJbiV q efe(jJt>\ 1 ^V>Jo\ 


AiUcaJl lalaau) AjjbuJ AjIj_=> ±J 2 


J! jLxjJ' AjIISJQ ^yajiJL) k _ 7 kuu AlaatJ AiiliaJl IbLosu! aJjLxj 

41*3*11 4_ulJiIu^fl 43llaJl + aIjJIxuJl' AiSllnJl A a. Vail eS. = 4l*>JJ 4_3Li^J' 


EC 1 — AlftJej] AjuIJCu^I ASliaJl 


. AI fl"i rt r ^y£- I ^\A AijlLa 2 .'~ n ~ 1 _' Q* ^ ( E) — rtilflim 4 ll A3lLaJl 

La^u^Jl J! AJllca j»_ULi ^ JLlUj 3 .tl^JL) >‘l~nrj V ^ OJ = AiUaJl 

4ia jfl.,1 cLjui *> * *—■»J *»• tLSlla . _jjcuaJl AlaJ- O^' Aj-4-=*!J A3Uei}l 


Ec, + WfPj - 0 = £c 2 


OJ! 


; ijjl/' .. l^> x. h 4^aL5tJ c'uSllikJ 1 ■ *\ ■ ^ 

4lbj%J ^udj\ ^olsl 4 mi <Hj 14 <i -T>LdU jjh/ V —OtTl/S ^ 

1 2 3 


Ec^—OJ :^j! .jjoatll ^£. AJliofli 1 

. A-a^lia (JL^JbLi Ijjb^ ^W(F) = W(P) 0 i 


Ec = 1,47.10 s J 


AJ u>j 


Ec,= W(P) 


jj! 


: AjAjjLuaOcJl |_).J-‘l.4j £l 4 



A,*^-r>jjfcJl AJllaJl Ai j 1 .-.'. tU- ' iJl— 

ECj+W(P) — ECy AjilLaJt Halost-it aJaIxa ^4 


A ^ AaUsaJl AjjJcbu |_}<aj I 


ECy-Ec^WCP) 


‘■j. AJ^J 


47 j 
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. / Jjjb Igj dJLuaJua l^Jbtl Jjijoo M—0,5Kg[£Al^s ~Aj j£. ^Jaju 

l J _ i T« ,.i 'il l .Af ,. M ; . ^ I. .AU~.ll aa'Aj/> ll 

(X = 0,04s) ^ 

—• 

m 














4cn 

1 




























































i 



A 

’ 

J2 




. 



A 

r, 





A 




A 

L 

A 


L 




( Vj, p >mJl ^$i)(A^j). (M 2 )» (lVf^) ) l bX-^—u <UjJ >ijij<i^i “J 1 

. (M 2 ) j (Mj ) tJJJLubJAj iu $iliaJl AjLuiasJl kiX .1 si 2 

W(f) vi]l 2 Ll>-^l ,Ja£. jl>- .AillaJi iju* JUjlxujLi • I J 3 

. f ■ * *wVl ** J ^ A a 7 ^ i i~ .i.l • 1 


uUll 

= (M,MM 7 MM,) ^ ASL j~u .-jl i ii ~>» J i 

tJL^> wJjlil a.a > fli<l"i < 4 ^ £jQJ g\LrkX% I ^ V 7 *UL juuJl 

^JlptLl I JL^J \/m 4 ll A£.jm*}\ = 


y _ M 0 M 2 

2 l 


v=v =— 

™y At 


:V. <LJa9kUI '&£- Jl 


^!=a rtoj'ijJi j li ,-ftl.i.li JIajlILuiUj M n Mj—t 7 cm 


M q M 2 =0,28cm : <Lu> M 0 M 2 =7x4=28cm ■. jj! 4cm -►lcm 

0,28 


V, = 3,5m/s| ‘Vj= 


2x0,04 


i jj! 4 X = 0,04 s , LujlJ 


L^^iJI ^ l < 11 j| 




































































Ec.WauV>o»jV\ aO>)\ oflUxHg iIajiH 2 oj>^\ <jfijUv)&\ 1 


ij ^l»>,ll M,M 3 —> 5cm Jb&j ^jj/LuflJLi V 2 ——-—- 

MM, = 5x4 = 20cm = 0,2m 

- 0,2 


V, = 2,5m/s 


* V,= - 

‘ 2(0,04) 

: V , 40 Jl 


W W r, . M,M, 

; -L 3 »j J'^auoLlj M 2 Mj —> 3 cw JLjfcj ^jjiLlaJLi v 3 —— 1 - 

2l 


jj! 


<a_u >3 M 2 M 4 - 3 x 4 =12cm = 0,12m 


V 3 = 1,5m/s 


y 3 = 


0,12 

2(0,04) 


(Mg) 3 (M j) G£aOi»3*Jl ^J5_i iU^3\iaJl Al^xsJ' *J 2 

J! c'_ 2 llo j» wLOj l _^u 5 jJLj Jj 4 _i^_i iKi j 43 Ua J ^ JljJL) 3 dJ=>j 2 *A 3 33 Jl>- 2 

10413 4 iym, = W(Y) ^j*>_<' iKj a ^3^ 3A3 ( f) 33a . ,1 mi,) 1 =*u3Ji 

Ec , ^J\(Ec j) ^_yi 4 j.^=jJ*JI I(j~ Alt-» ~,~i. ■ ....ll 

: i _ ? 1lj '■»*—» 4Lal3aJl ^G Ijja 



( t ) GJISLG>-G'l 332 rGGG_J *1 m 3 

( jLu_jJl Jt _£_a_jl W wa 4iGl£J|) :43UaJl ialfl-x il 4jjbu» , 


4 a. Ifla ll 43 l^ll idl ifl'ima ll 43 UcaJl + 4 la-?GJ <LGIJLu^I 43 Ue»ll 
4 ia_a«U OjGl^jJl 43 ltaJl = 






















j£LJ 3 ij.r> AJjLx^Ji 3 _Li jiL^j I jj .iCuLj ( t ) 5 Jji l*_i 

Ec 1 +0-W(f) = Ec 2 M 2 3 M 1 

2 :<u» 3 W(f) = ECj-Ec 2 > 0 i\ 


1 • "t2 


W(f) = — MV 2 , —MV, 
2 1 2 2 



W(f) = --(0,5)(3,5 2 -2,5 3 ) 


— W(f) = —l,5J 


■Jjfcj ji'iILi 





d = MjM 2 : jL^-b LiA W(f) — fd : I^iaj 

MjM 2 -► 3cm I Jbu 

f = 222 i d = M M = 3 x 4 = 12cm > jl3«J(<JLJi 

0,12 


f= 12,5N 


jj! 


X1Q 

a» V”q ^LjuIjlljJ A£.j-uaj Ajl 3 .^LkLoi ^yoA' <33^ ^Ju 

<\a4 li ^siuJi 14^-> <jJ jo . V 7 — 4m/s 

.(B). (A) lg-L 4 j+.j.'b 

.C 




R 



.(lIIK’i.-vVI <A_ti3 (R=lm) \Ajla3 . ami 3_pU (ABC) jLua ll jC Lsj 

, •V^V.O'JW-.I 

« 

cos a = 1 -— : 3 jLuJLi 0 lrn~i <U »SJl i~i ) rtjjlj 1 _ t u 3 l 9 ' ji .~i <~ii » J 2 

2gK 

. _g = 1 ON /Kg, jl nri > (&) <Uji J 3 






















Ec.Waub*mjV\ op/^\ o9\}aJ\<) iks)\ 2 aQI^Uq /Un VfvM 1 v)bJo\ 


u _ 


V A = v 0 ji oW-*j 1 

. AjjSJl i _ JT lx. ^^iJl ^x«j 


ijj b$s jl>- jj y <ui Ia^—> >it i z-3jj ^jif 4 j^U F 5^ja jl> 

.joia R 0 jP ^jp^jolJ ^a,T«~) <x r >j£)\ ^La 
(A)$ (0) Jutub^Jl J\j AilkaJl kalfln.il aJaL*_ 4 Jj j ilra'i i - 

t Jbu 

Agin* It A AlUtll - il.il~i„.« ll A3 UaJ| + Aj j5Ll] A ‘ 'll. 1~ »Vl AQ lL-tl l 
Aj jSAi AjlgjJl A AlU^ll — 

(^b$sj^£V)F = dj1W(F) = 0J :j£l E 0 +W(F)-W(f)=E A 
(^\S^\b$SA^£y)f=d : 0 'X W(f) = 0J :CUj£= 
J*. R~ 0 o* W(R~ 0 ) = OJ 

E =E .jj' JliijVi Jit $+c.Po'*W(P) = 0 J 


V A = V 0 = 4 m/s 




-mV 2 0 =-mV 2 . 
2 2 A 



: 3.1 11 a- 3 _jl!' -IT_ I .*) — 

(A) Q^juo^aJ\ Qfcj AilkaJl kaLfla»jl aJjLla IuojI J) >ki 1 

: ,_3' ACjonJl A^3 Jlxjj ._S.jJl(E)a 

E cb = OJ ■. Aju»j V A = Om/S 


E ca +0-W(P)=E cb 


■■ cp! 


E cb = AjjlgJl AillaJl . E ca = Ailka]' 

W(F) = 0J jj! ‘ j£l.W(F) = aLaP.a )i AilkaJi 


OJ — a \ 1 i fl "./, a 11 a IL-* h <i i a 3 



















W(P) = ±mgh = 2^ aillali 

(iuJLu ” W§h = <La JuuJl AiUaJl : ,jliS JIiJjuo iu^^SUl ^3 

. jS LoJ' Jj. a^ ‘ \$*~~ > (B) y ( A ) -.h > ~ i j * 

R = h, + h i jbtj 



h = R-h. 


: duuOJ 


h^Rcosa » cp! coscx = — •. ji U£= 

R 

: Jbu h SjLtC. j 


h = R - Rcosa = R(l-cosa) 

i AjlkJl JolflTr ij < 0 jIx 4 j jayu — mgR( 1 — COSCt) = <ta- V ja.«Jl AiUaJl -. 

Eca + 0~ m gR (l-cosa)=E CB 

V g =0m/s jla B j jl U-ij ^mV\-mgR(l-cosct) = ~mV 2 B 

V A = V Q jiU£= —mV 2 A -mgR(l-cosa) = 0 -.aia^ 
2 2 
mgR(l-cosa) =—mVp 


••CP! 


1-cosct = -- 

2gR 


Aj ]l b jLiaJl 1 _ r £b o 



a 


o-i! 

AJu»j 

- al3 


cos a =2 — 


W 2 


2 ( 10 )( 1 ) 




a «78,5° 


^ * 1 L^jjl!I |0^jlJI jI j 
















Ec.Wos&iM^ oO>)\ osVii)\()iks)\ 2 6 j> 9 )\ (luUxM 1 l)bJb\ 


_ 1 1 i-liyuil 

Ji/->.i 'A » (AB )^iai (3J^la (3^5 iUjlJujI ~A£.j+u j^Jli (A) Akuu 3^ 3"^ '-' 

. V B = 15tti/s ot = 30 ^1x4 iujij .(ED)JjU j~im a ajIjli (B)ai->fl *l 1 

. W = 80Kg a 1 ~i <: —> j.i.i.i j ^5 ^3 

j4B = 100W cLui I I 4 ]_Lo 3*J' F AjlSIjJI a^jjl . Im~>-1 J 1 



A B 


. (B) ^J-4 IcUJul IflJjLi-i 3*-^ AiUf j2 

.BC = 2.0th 3' Ulc .(C) 3 ^’Jh- 4- ^ >.»»»•>* • ' 

.g = 9,8N/Kg A»$j 

BD jlok«Ji . im-vLa .(D) jLic ■ a^j~_i 31^ j- ~ L4 -^ J' 'j' j 3 
■ 3^-j^a-l' (C) j (B) i J\J <U^3liaJl A l < nm«l l Laci j4 


JaJl 



F iUj-ii _jL--- »l 1 

a ll ( C) AJU^aJI j^ZD jjA ^y» Jl 4J Ai ll Jn^a.3 

(B) j (A) __£JLnb^aJl AillaJl lalflT* ij Aj jbui 3 .‘^ 1 

£ a +W(F)=£ CJ . W(F)=£ CJ -£ a 

E ca = 0J\^j\ 3 >W(F) = F.AB ,jS1 



t ^Uj^»3 V A = Om/s : oif 













■.nuu» 3 F.AB = ^mV 2 B -0W(P) = o4 | 


„ 80x(15) 2 , . . 

p= - : JbcJuS $JU 


2x100 


R 


> V f ii 2 



sina IjJ»(oO Ajal^JJ jJjliuJi 2&(h ) tjSl 

1 -I L • ■ 1 

-V 2 B -gxBCxsina=-V 2 c 4 smcc=—*- 4 h^BCxsina 


BC 


V c =^jv 2 B -2g.BC.sina * V B 2 -^gSCSina^V^^?^ (2)^^ 

V c =t](15) 2 -2x9,8x20 X sin30 : Jbfciia 


V c =5,4m/s 


: BD J 3^3 wjLu*J»- il 2 

.( h y ) £Ui3j^l \n\iij . BD Ajslui a ll (J1 ai'mil ^4 .JjjLJl ^ w *a i i 

-.Jocj (D) 3 (B) (j\ xu-t ^aJl A3llaJl jala. T & j j LL l 4 Jla J i- u i/Li 

£ cb +o-w(p;=e cd 

^ mV 2 B -mgh 2 =^mV 2 D 


r v / 

4-kjLj^oJI ^9 -LsJ! jl c|/^ 




















£c.lVau\>o^V\aO>l\a9\^\9das)l 2 ox>^)\ 09 \^)\q CU)m]&\ 1 l\bJo\ 


V D — Om./s : Jb«i .(£)) jLi£. wia^lj ^ji 

V 2 1 j 

h =—- > -mV B -mgh 2 = 0 .,.^i 4-u>j 


2 g 
V 2 

BD.sina= — < O j! 

2 g 


h 2 = BDsina . ji Lto 


BD = - 


(15) 2 


2(9,8) sin30° 


= 23 


..IT* 'A Jf£> ^XJ 



BD=23m 


i ( ) j ( B ) ivJU-J <U <\L.u-i^!> Jfcu u *J 3 

it o 

TwLaj j j S L ul fv .i* ) > ^jlJa <LJLg.j j JcO^U JVC ^Jl 

Aji]^* „ W(P)=-mgh 1 : Ut W(fl) = 0J «j£J >£ 3 P 





v B = Om/s 
(B) 


A 

1,6m 


1 2 

(A) dleaJu liMJcaj 1 ,{'1.5lTl/s')6JLjm j ^Ik ^IoJ^bLl Ifl 

^iauu ^>c.(l, 6 rn) 
a^SLlI -«l i~» ^Lajjl »jm->-l _il 

(AiUoJl lalfl-x V aJjLxaj ja’uu\) 

1^" ... dV a rtlVfrl a^SJl AC.JUU <\ 4 J ^ ? "» j I kill J 2 

g=9,8N/Kg , JLsuu 

4 1 


ic 


ss. 



















Jxll 

Vl y I n~.jVl - il_>. j] 1 

j Usui ^_t3 ^Si t Vg - OtTl/S ig'lf yjal f JLUU OjiUl rtil-U £Lilj jl J3 

(B) 3 (A) _£_j dJiUaJl jealosu! AJjLua j ,'U\ 

rt a. Vaa Il dJUsall ■«’.... /» 'I AiliaJl + djSLLl AjjlJua^f' 2 l9Ua)I 
dlajcl! AxalgjJl iLSiiajl = 


"CB 


V B =0m/s E cb =0J , . E ca +W(P)-0=E c 

| mV 2 A =-W(P) , 0 j! 

IV (P) — —mg h s i£\ U lUi 03 ^ IV (P) ^iUi J-ax. jjlja .Ui^> ■ ■■ ^-'i ^ji Uj a 



/? = 11,5m 


^mV 2 A =-(-mgh) i 


h = - 15 ^- = ll,48m 


^3" 


t>^3*j 


2 2ivrp; 


^c = 


m 


2(9,8) 

l,j ■■■■ aMa ^ A£.j~ji A a i*i ~'.'. Vi,' «J 2 

sU^SJl c _ 3 JlC. djUcaJl Ibl fl> ij dJjLxa AjJl>- ^a ^ slrtv'i 

: > (C) j (B) ^JJjLua^aJl JO , sViu^JsaJl • 

O+HW^mV* s £ C b + w W-° =£ cc 


laj /i-iA j ^axotJt (+) SjLui^fi * W(P) — ~t~r/7 g h ••^>£3 


/i=BA-AC 

Vc = ^2x9,8x13,1 


IlO> 


Vc = ^2gh 


= 0->! 


h = ll,5 +1,5-13,1m 


Vc = 16m/s 


(C) 3 (Aj^j^auia^aJl v ja_i iaUiatj! dJ-llxa AojU' cJu^U- * 
W(P) - +mgh : jQ E ca +W(P)-0=E c 
£-3'3Ji Aji 3 ij ->-(C) J!(A) O - ® UallAaJi iul^j ^ ^bf ( + ) SjLi^l 

(C)yB\>. kuAfii .(B) J 1 (A)^ 


ft= AC 


‘■1 <j ■ a II ^3 I « II jlj 























£c.PVow\>ooviV\ ap>H cv9Vix)\g ikaH 2 oj>^)\ 09^9 qUiVulol 1 liliJo 


-mVl+mgh = -mV 2 c 

Vl=V’+2gh 

Vc=yJ(15)2 + 2x9,8*16 . . !■>•■•« 

Vc = 16m/s 

A“n iln. ll At* i i ill 

_1 3 i-ijyiiM 

■ am’i ^3^>- ^k ^UK'i-v! 03“^ o' \J^r! *WI = 25g <Gll^=> j^uua . 4 

ii^4 ^ t_3' ^ 5 ij ^w 0 ojlu jjoy R — 40cm * Huai 

. (A) It ^yA fclJLxjl d 1 *""—' ^ ,,.-^.\l ^l]j \j 

lA^f ! ) -n .U !.\£i J4f, 3 jLjl£. T ' ® __i 1 

• (B) J! (A) ^ i j Ujuuc 
(X = 60° Uk .(C) AkiuJi £ (JJaiJ' iJac. • ■■■■•O • <_j 
(C) 4l->a ill j >'l),\ < —>j .(B) AV\a ill j £c fj . it^a" a_**—>jj«Jl AillaJl 3 jLlC l-vc.i J 2 

. g = 9,8N/Kg j .Ec c 


o 



Vc = y]v l+2g(AC) 


o 




h 2 



Jxll 

■(B) ji (Ai ^v* jiagjvuu^i jjgjiaji u:_«' ail 


IVCP) =+mgh pla ia.>A ^.n^liLaj 


hj + h = h 2 •• jl JSkJi jj> Ja»V 
h = h 2 -h t i <Lu»$ 

|3 tUjI^Jl j^bta ,j&(h ) jji \.>>_ii !>»■*. V 

cos [3 2vi%lc. J a ■» ~. „ ■ '■ i jj 

cos (3 =——=— >cp! 

_p^l p 


h } =R cosP 


: AuuOj 

























- h 

h^Rcosa „ cosa = — ■. 

R 




/j = RcosP -Rcosa 

hi 

h = R(cos$ -cosa) 


W(P) = mgR(cos{5-cosa) » W(P)bj[j£. J 


i ( C) AlaijJ' 3 J-ij-! 1 J ^ • —J 

[ ' 1> ( P) ojLll. jjlj UjLic.. cosO° = 1 y {^lau^ (3=0" (C) j 

: -Lstj JjLJl 


W(P) = mgR(l-cosa) 


J)i iln'l 


W(P) = 0,025 X 9,8 X0,4 (1 - cos 60°; 


W(P) = 0,049=4,9.10~ 2 J 


(B) ^ E C)I 4 .*fr=ajStl'i JjLiX. j 2 

Eqa + W(P) — 0 — E CB . ^ycj.°i , n^ll 8d <» ivilLaJl IbUttkj! rtJjLxa J 

(A yt V A = Om/s : o'* • E C . A = 0J :jSJ 

»o-^! 


E a =W(P) t £ Cfl = mgiR(cosP-cosa^ 


*cc 


E cc =mgR(l-cosa) l0 jj cos0 = 1 5 P =0 k( Q 


'Ij-J 'I I 1 II j 

























Ec.Wcxu\)<)i)\ ax)/i4\ o9\ix)\9 dasM 3 ox><})\ cx9VJbkiV q <Ju\1v)d\ 1 dbdo\ 


EC. 4_ijlj^jJl 4 J 4 -— 


1 0W>\ 


o 9 \y \9 cJU^ViOo 


cJl>^JU - 1 


kbjltiL^ (_yjl l _ ? A Ajulj^jJl 

:^1_ J L)_^_aJ I c,^JU 


.5jjlJ • 1 __• ^ ; : (S) i> 14 1' AHaldJl * 

s 2 =a^w 2 Sj = M^Mj oh.-' 
(S) g\ i i “v j ^ ' I aJl^LaJI ,yjl Aj^l jjl 1 ‘ J ^ ,Qb : ' * * dL^-»l All • 




/0 ) 3 (S) rtluaUdl _ju A3Mx!t • 

( m) _i 2 LH*Ju»JI aLoU)I : S 
(rad) _i aLoUlIi : 0 

(iTl) -J ^Hfl 'l , QIr-i'l : R 

S = R9 














S — SjjljJl )e~k'k‘*a — 2lZ R. : SJL>.I3 ll jlj ljj 

: V rn & .\I _<<^ < ^ li ^r ^... h • 


_ MjM 2 _ AS 


Vm 


(m/s) " 


A At At 


4\^.^uj-O-aJI jjl A0 0 2 “0 j 


AS=S 2 -S 2 
At=t 2 -t : 

03^1 ^^l ® 


(0m 


l^gfctu A ^2 ^1 


: Vmi 3 (0m AiMaJl 




,. AS R-A9 ,. . At _ f + .... 

03m =-=- : LljjJ At —1 2 tj Jb*>a j 

At At 


V m =Rx. o m 


V j 03 jjjic. ^*iJl Jfrj iLSMaJl • 


V=R co 


LujJ (t) Aiu.aj cvlascJ j 


IiAjIj ( .Mp/a) iivaills d^9 — 2 

- 1 

.(jlj3jdJ (Jjla (%xul3bJ b^h]\ o j^J j juJi JjloJi i ^J^c. 

: o_>l_> (A.^,®L _lib vjJ <^j_c- i^Lx. - 2, 

M- /A (X F p IJ^la j» jjJl wuiAJuu 

(wuuIjljJI XS: OC j-4 jJl) 

J3^b4 ^C. 5^iJl J^L>- Jjlj ^4 Ijjia > i.uLlIj > * 

M f /A arf . 

M ?/a OC F.d : F clj>. ^4 u_Ui/Luj f JjlJI ji ^ 1 i*<iii i dJutg 



4 _JL>u-aJI i\W/ gQ 




















Ec. WavibgxH cu)>)\ (x9UjJ\q das)\ 3 ox><))\ 09 \^\q c4)\lk)t>\ 1 l)bJo\ 


< U ,a ift ^uaiu)iC -LajIj c\JaLo| *-&(-) v^^LajJl jj»j l^jlSLa a »0C - 

M- ^ = K F.rf •. jj> . (iuJjjJi $U 



j* jjJl jj-L) >4 !>• ^a l(jji jic A£>- (^iiit<-1I J'jSJ ■ > >,« IjiiS -S _/v>- jt-lia j»* 

- (+)ojL»i! 

I lJJ( ) djLo«! ^ jjJl _L>-i A_i^- ja ll ^ _ • > ”■ I j{ Lai *■ 


M f/a =±F.d 


^ =0N.m f> jJi • 

Sl/70 = 0 > 0 =0 Ops J!j! " 


M- =0 

F/A 


-. Aj-a a 


M- ^ = ON.tfJ: wjjij tjj/A) jlj^JLlt j^a ^jt^j F, jj-al>- JHa r 


2? = Otn : jlia J9 3 ** Cs* * 3 ^ (_i-ai^- 'j! • 

Ajjtj 


M- =0N.m 

F/A 


M £ a =0N.m : ' ,i't*vi IjJ . j^svt F 2 JaL> ) —a . 





















!ol>& 'A! i-iK^aD <_aLo ^Ic ow ^'oS 3AC ^ovC 3 

. lAJ>^=^4 Jfrj JJ *,_> Aub Jlj^j j^atA J^»- LJ^J§ j^Jj(S) 3 y A_l (JjLSfcj 

J§ Ja^jL>- m 3 . m 2 m, JjSJi ^_iU'i i 1 AA 3 ^3 . ^*2 > ^1 ijiLJi ,^l£. jj^j * 

.a^SLJt iuiLota iaUaj 

s 3A S 3-^' 3 Aa j*3^ frajell w i3SL13 o3AJ1 ajA j»3_)ju ^jb,">m i>j 5 LJ\ * 



^ j M(F 1 /A)=M(F 1 /A) + M(F 2 /A) + M(F 3 /A) 

:. M^'l Luis (^SLiJl) ACluJt wjjlic. A^f>- ^wALxj 1 >- 3 ^aJl 443JI ^ji jbiC.b j 

X M fF/A; = + p2- d 2 +F V d r F 3- d 3 

: (F,F') ix^Ays ,«jc 4 

C-XJ^JL.' - 1 


: La^J ^b ( F ,F ) ^^2l)| yj» 

.F — F ^lib jlm~< 4 ^jbJliL - 


t\ . il . a n I 9 II j \j 











Ec. Waxi\)<)x)\ o9V^J \q dasH 3 ox><))\ o§\^)\() oixiVixloV 1 


<L*lA Aka^v'VwO ✓ 

U^jla .(F i F ) (A) jojUi j $3*a J $>■ ^La > ili<-> ,<.m> l _,Lc. Ijjii ij) 

. AgT«ll ^" a ' j Ajl^jju 



hJH* v 

&>• J^iLO djO} ^ ^vJwLiJl ^JL^jLLlu) mLLC 

. instil ^jjJLi j ll jl^Jj ^vJ-Ujl 

.<Ll>3aJ| j y vjJLi F iji l-i • 
.rt_o-£*_)' A^seJl J.II' j J jfl4 ll ojj F' Jji Uiaji • 



<r^ 


r-1_c. - 2 


M(F,F')/A=M(F'/A) + M(F'/ A).. iu^ ^ JjUuJi JSLiJt ^ 



: cLjU A- _ lib c-Iw? - 3 

:<OUcxaJ' j ^ 21 1 2l 3 



<L> jj>u ■ 

aaJ> 4 \j==jj^>- .iuiai cujt^b ojlouuj 3 ^ C. B. A iaUu i'jVj Igjj 

i ' j 1 ’ • 1 ■ • * -3 ^<>AjA ll ^ fl < t^ll ^ ^1 >i■. i rt i ^1 

(Cycloids j->) o'.* ‘~* 1,3 .j'jim-a 1 * 4)3 (B)j ( ^ 1 _■'*■ i** «■ '*« 

^ ■“ a I 4 J AisfeJtJl \S>- Ju sl Jj 1 A J ^3 « \ Ajt,.. a : | ALjfc 1 1 • *-"-"> j ^ )C <\]r"kfl * 1' * 

A C ivLaiuJl ^CJLj : <r 


























jLlIC.1 1 _ 7 )lC. '■ a A a c\ *--—;jvj>- ^ £WaL>- l _y£ cOHajJl j£=3jj» 

.(iujjjjua a_jj O 3 _oJ> f ^4^4) I_»*>_■ 'iISL-j O' 


:dj ^ - ■■ ^ 1 j' 1 J-- 1 "* *1'^ AJlLSUI jj& J5J i2 2J O 


IJlgj <Ul 1^«J| iollLiJl (^>jll) 6. f .ul i'l< ll — 1 ■ a (4mT»l y£=>yji 

l ( 0,XYZ ) ;*ll4 I A >111 ilLl *1 

m OC +m OC +m OC +... = (m +m +m +...)OC 

1 1 2 2 3 3 1 2 3 

^m t OC,=OC^m, 

/ 



AjuSJl j -*"— 1 jyO ,4It4 1 <> Ini lllj II 

;(C) dliiSLJl y .(O) 3 a. l io ( -qlsL« rtljSUl (4lx4 

I™. ** 


0- ^"' - ° C| - Z m . <0 0C = 0 ,oi! 


Jj// 



mi0Cj+m2 0C 2 +... = 0 
















Ec.WoxilwxH axV*H cx9\Jb^V q iWai\ 3 ox>^\ o9V^3Vg eivjVix)t>\ 1 


:(G) ^ 3 «J 3 


.(B) ^ (A) jJjjJaij <A_l 3 JJbej^ t^^ia 3 j3 


^IcLala l^>-» i iajL^sil JlJJLa! ^SgflA.ll 35^ ,avla^ul^j (A) dJoiaj - 


(1 JSLJl) 


(2 JSUl) IzajaeJl a'-l'i.a' a , 





Tluu^'l 

(G) ^jjaHl .— ’ yja <vkO_i 1J A LUcajo-Jl ajui i j oLalatjiuj ^uO^lujII Q<Uv-^ll ^ji < 

P (<biiOiJl Jjai aji ^paj l^ia^ 

(P) JjttoJl a^i J)j il->" iUcajaj ^ (G) JijJl olajuA o-i! 


; iU»ljJt i'.U-^M J ✓ 

lJSJ ^JujjuJl > i uii> (jllaijita Ql~iL^fl.'i(C) iOLLaaJl jAsjjaj (G) iJjiijJt 

. Musi a J £>• ^4 ( G) ill <Uj jl> cUJ3 (jauJ jlSLa ^a’q U^la 

■ rtl'i <1 -i ^iD^. ^JSU o^ (<buL>- iJSU aa^p-^a C) iUeaijJl Lai * 
(G) Quirt a ill O' j y i -*-~jjb ^pa ^aP~>~i i a a <Gali <Ujjb*Jl «UJa o^- 4 Lai * 

. ollfljlfi.ta (C)j 


cJ-»j_c. - 4 

.^^ulai j F S^joJl q \ i ^Cu^c, jJlc. : 1 laLU / 



ljU 



) ^_yJl jaijJl AJL j+u v 6 ( M 1 ) 3aJuLSJI sJj! j *L>^Ju)l ^)i 

.(M 2 ) 3jvu5Jl aJuSJI Jjlj tfLaj>jJl 
























:At»_i l I 

(.M^) AJliaaJl Jjl (M^) Aj^aJl dJUaC. ^j-a AJUat ^-Ltj (W 2 ) AjjjJl 

.^J AjjJtl J (Afj) aHUhU a *——■' AjjljJl Aj^jJJ 

<_ > * 

. AliS-ll ^vX. Lcajl L^j jyXJ iUlLajJl ~ A 


jaj .(A) -luU> J^j>- ^Ij 3-11] C)^ 1 ^ jlilian JjLua^j s. 2 iaLlu of 

fF,F j 'JII fl I I lag.l'c jj 'agj'.’IUtf 



(jiJi aJU rac . ^j£. jji Jjti i ^ (M j) ( _^jdJ ajUohC ^jlu (M^) ^iii 

•(JM ! / A ^ 3^5 (M 2 ) AJUaC. j»^C. ^ *^M j/A ^ 3^3 

wAJjJLJ ■) 1 ■! 4 



'•-d 


/ 

m 


(A) 


(A) j a , ... in , ( J / A) a uu>»'i Sj -»j 

j3=«il l-Li jX. (d)^Liua JL.i > j j ( W) A’iI'i 4 —> ^jkiAi (QhitiI 

J / A~ md : ajJUJ' 5jUjl)Li 


:AJliajJi ,» yL. 3jl>-3 a 2 si 4 

. \Kg.TTl 2 \ ^ (SI) JjlJLv^Jl Ala> j tWali*- 5_L>-3 j AJlLai)' j»^C. ^Uu 


g&ff 3 


jli/Z g 







Ec.W cuibgxH oO>K ajjV^Hg daa)\ 3 a9V^\<) efo\&)b\ 1 OV>JoV 


• 2l jU.il I i_LC ^yt iLflJ y> <uSljulSLy> aLm* ?'y- 21 3 ■) 4 

(S) i S^= . m 3 .m.m 



TO - 


MR 2 


M<aii£=> 



ML 3 

J/A =- 

12 

a. Ac JU j 5=t4 

L aJ^Lss 

(A). 

j/a= 2MR ’ 

O- 4 

■ rt 1 1 ^* 1^1 s-\ A 3 ^ *• ••> 

v?Y 

5 

l A ^4 J A 





















j-jju 3 A jiaj ■] 5 il 4 


I _L4) J^>- (»<nTf)l I jut dJlkxC f JC ^_jLtOei3 <\J PlC. jj==> jA { jjB jAA ^ (jlj ^ jjl j ^3fc« I jj 

II II 



J/A = J/c + Md‘ 


(C) <OJUca£. ;£=>jA ( 0 ,n>'l dJUaC J/c 

.(A) J3 =ej9 J>>- AJliaC. f'j£. : J/A 

(^.l.Tclt a ' ~ 

(A) ^jIj^JlII j^stAj (C) iOliajtll y£=>jA i J\j - la . Jl. 


Jll» * 

jAA ^ (A) J^AtA J^—*■ ( Ar j\ ^ A U 4LuLjt^l4-J') e ^AAUAA-]\{L) iJ Ur'lC j*jX. ' ' 

( J^ ,7, ]\) Jl»-I ^jA jAA Jj .(C) ' (?~ "U..- \ ‘——' • r, ■ 

J L/C =-MR 2 »o'(^ 


(A) 


M 




T _ T , J\yfj2 ff f| 

J L/A~ J L/C^~ iVlu juullu- Aj^laj 


J l/ ,=^mr 2 +mr 2 


d = R -. I iA 



: i_iLn 4 

: c jy> aAIa c.l^ —» cjji1 

• j_ji3i (S) j.u.J J 33 (c) oj'3^ J “ ‘ a 1 Ju^= : 1 laUj *" 

: laAl pj djLubli- SjSUt 
R Of\ Fs / C b 3 UI :(dpjl ^ylx. ^ j ■ ■ * ■ 1 Ja 3 ) & 3 ^ * 

P cj\ ^t/c ajill -.(a^pJ'Ja3) Jill'S 33 • 


P9-L*JI a\)// 0g 


















£c.Wcui\) 9 x)\ o9\^)\q iUs)\ 3 0 O- 9 U a9\Jb]\9 cixi^l 




03->3^ u&S (o,i,j) i SjCisiA ,-cJliI 4 jiii IILi A i*—>lui A^SUl o' Lu_j 

R 53U1 Jjl 3 P b 32JI o' £'■ 1 "mi 1 oj! 


.d^uibua qI'iih^—> lxxa R jP 0^3^' O' J $~ n 1 


A^-jA jAJ 4jJl£. jjjj (A) ilxilj J3>- 0 'j 3“^1 Jjla (S) I _ <li«~> ^m>- 2laLx » 

r?,n tfja 

?j» 3 JLa-» Aoii: O 3 J 34 J' op 3 *J' p 3 x 3*4 o' • 

Op 4 ?" 1 * 4^3 ^■ft.tflll o^^ F' 3 F o^ ! (^-»j 
M- /& +M-^*0 ,ojjoP-^=La^» 

?lj)l 3 x 4 O' * 

. A4»J| o~ “ fl 1 i%(S) (4au^Jl O'^jJy F 3 F 0P3AJI O^f 



M- +M- 5 * 0 . oj' 

F/A F'/A U 1 


• Oj* 3-i- 4 (^Xisejl ol tj^JU V 10^3 . ^ F = 0 is jxJl Jj fl Vi I j! 

.OJl5LxV 3 j ^JjLo 3 ^“ L,d ■' ‘~ "• j (c) 3iaL_ij V 

R (**■ —'» —».?Oj'3^ O^ o 5 ^ * 

9|,^Jj ^mjLJ |Xal^3 ® 

. LxA 0P3I1J £xbL>-(c) (XtuTell 

F : ( A 3 ) A 3 ^ - 

P : Ala-i 03 a 

R Jjl9 ^yjjlL J P(Jjl3 03^J O' >- . 4. T c _) oj' 3 ^J LT^S 

j>y 












" « . < *—> j-* iJ\P 3 R l^=> 0^*1 


(7. 033 

R\ — 

[■Rq ■' Jj^icaJl l _ 7 lc. A ‘ a U> \ 1 't a ;‘—'j n 'I 

[ p . J) i^.l-> 1 l ( _ 7 ic rt-Lmla-ftJl ^ ‘‘~'j A '' 

p-i jl: 

P y : _,1 ir a j aUl '■ li ^ ^ 


Luajlj 



P x = Psintt 


lA? '- < ^= j P ) , -5^! 

l^cVu^si jl«Ijl1! (X - (3 j! 

- -4— 


P y =Pcos a 


•■ O^! ■ COSO. =—— : Q\ U^~> 

P 


b jjm Lj> »la.la jjlj^iJl ^1314 03^ 0 11 . 1 ia-iS > _jO 

F^ ~~ F1 b JulJl U4J * : 

^4^jl |^ n fl ) U 4 J * 

F; = —F j (jUua^=Lau -4 * 


: c5 ^ £^?L> c.,1 f —* clv*"| ^ 2 

^llt ji _oc_i J> ^3 b Jjl) ^m**- ^jl j.3 _j ^SU 

^M(F/A)=0 












Ec.Woxi\)<))]\aO/SU baling iks)\ 3 ox><))\ osVJbkiVg aUiVlxioV 1 ObJo\ 


j 4JX.*i ^Lil 3 (ijL ujj Lui) 


F 

A 



J ia^A^a >AaC d^LiC. — 5 

^ (F,F J c\->-o y w4 sZj^ii ij} 

3 juii J.ax. $2. UJ3 (Zl ).CajIj 

* _ 

AB ^jm ya 1.1 iLui/Lo^s uj dJUuJl <Culz> F 3^iJl Axjl^s lj) 
AB = R.6j£ i W(F) = F.AB 0 ua 
dj^ljJt (oW J '.P^) 9 j - ')~ a * : ‘ j^a-3 ■ CLu\i R £A 

W(F) = F.R.Q : 

,jj! M(F/A) = F.R :J sj 


W(F) = M(F/A)B 


( A) -lijli j^tiS J a^>- jlj aji! J_jli 1 'Q-loj> 3 A 5^ ** '■■' l Aijli 3^i 
9 <u$ij x 5 3 U 1 sAa = 


W(F, F ) 4 ^. ^. 4 ^ ^V-j_a j 

W(Fj') = W(F) + W(F) 
w(fJ') = mf/a .0 + mf'/a.g 
w(f,F')=f.rb + f:r .e 

IW,F>F.2R.0 jj| F = F' i0 £j 

w(fJ')=m(fJ').b 

: dail^All - 6 

(^ ) j $=*A J£>• Jjli (<Uli.?J d-/-jl j j Jill ^ Aill aJl ijloC. 0 l-v» I 

: djlxaJb 


11 t.'^_ j :,.’\ \ ; 03 *(A)j^ata ^->- ^inTtJl djllr%g. ^ : ^3 

italJb AlA»-%L# / 



^ i** i^ ~ • ~ 1 ^^Jl ^ “ a 1 /i 1 i\^... tl ^ ••*• 

JJ^OcAj Jill*It w >li=s lj| 


£c = - 1 MV ! +-J. Cl ) 2 

: AjJlill 3 jLulRj ,1—x■» "1 


2 2 A 




















E 


1 


lojjjl 4j]oli*Jl 5 j!_lx1I Q3c.ua 3 ■ i^>-v j\ Quaiuaj —o 
. 4j_ilii (v) 4_ilr*VT»l)l 1^<C, juu 4-4_i 3 jL J. _i 4 ~|") 4£==j^Jl J 

.4j_)Lj (v) A _llr> Trill Ig'lC JJM <IAJl 3 jll J > 4 1 ~l 4 nt-' - ' i a I' 4j jjl jjl 4^= J 4 
■ ia |I <UjJ|ljJl Aj=>j3c}\ Jg O-iUi ( v ) 4 A^Jrlll 4£. j^uJl _i _: 

Qa S = RQ ^4 T9 ,) Ajj\ji\j(s) iuistJUJl rtLoliiJl jyj 4iM*Jl J J 

.Ajjlj^jjl ■*'!*—*■-—■ ^ .^jljjJLl' ^Joa . <ii/*> ii? 

• V — Kco 4uiajeJl A£. Jin ll 4 . 1 ^ 43^laJl _J 

. (rad / s) ^j£b ag. juA i i jl>- a _i 3 

M(F/ A) = Fd , SjLulILi (A) jiuii 4 m> ilL 03 a ^ - 1 j 

. 034 J 1 £lj j 3 A :d >‘lt> 

• 4 $jlJLoa fJjJl J £ 

4 !»■*. J*. t »4 ilUa •. I 4 ■■■■ '. 11 I TjA _] Jo 

J$ =fc,a 0^® * 34 J 1 l)-®'-*’ O3^ fjjJ' j*. ii-ij J 

• QljjjJl Jjjfci j '34 JjSlj LoJlIC !»-Ilx1u J J. 

^ F = 0 Jo^ujl ^ATr'iJ U. V if, ■ l ■ I' n ..1 -wll jl^jij J J 

^F = 0 ^it-tj.t.ii 1 a t ~.f .i,^-.ii ^...-^ii jjjij’j j f» 

. 1*4 M(F/A) = 0 3 

ijlSLo j ^jl~ M'-va jl~.Ufl\ -a ... -^I (G) \i=Sjj »3 (c) 4 JU 00 JI J 

■jybuut 4jj jb*Jl 4 jj3 

^kui/ ^Ic l4gi4».i (jULAaJu (G) JiuJ' J'~'J ^3 (c) iOUoaJl J —' • n J ^ 

^HUvf ^yJb jdUUfc^ll J £ 

. gVajl^^i >^jl iOl^eJlj ^1» aj /\ <VJUc*llJl ^_J wJ 

. 4 —i jlj j)Jl 2L4 ,-^oAjJfcJ ^jX. -J Xj 

Jxil 

<Ujjlj ojl^s lj) Joia 4jjlj J j£j .bjyjuu* 1(Jjl 3 1/ 44 ^ .iu^jljjl 4^->^J«Jlja :ilr->-> J 

. 4 aU." ’. a 


■ ~.l lj ■ a II /»j I « II jl j 











. A I si _i 

^ j~*\\ ^ t *~—» jdlULA V ^.iirTl^Ui &£. jjxl!\ ^Lxjjj-S . lL^_>> _] 

.jduLd IgLalav lux jig i &'jvjLLa V <C£>- |J^ dglVi i« ll 

JjAiO «J - . ^jl3&u 9 J ,?Lptu3 J J 

TLu.-X’j^p ll Jj .^_i>,nJ > t J La t^jsuo *1 ~ 

^M(F/ A) = 0 g = 0 UJb ( <ulo«Ji jjji gj Jc3 <ji gjil 7T i-v.^'lg :lku>- J 

Jj^L £3 J _WJ t _<~»l^~> _] w ' <3 iJ |» 

aUt-x'l ^*-—< * a Lai A ... n i -n ...-«■ ll <\H^3 1 _ T ib j^mgeJl cUlLiC. ji gil £gJJej^Jlg . lU»4. J 

.bj-L*j* aJi j-> -j rt W> a 'i ;(<Lmjeil (c) 

aUjljgjJl aU^=>jj*Jl aUbeJU jlJuiLa 2UUf\tll jji g& ^_.-v„-»llg , iU>-^- J 

O.Jia,< ,lg( TTl ) ^ulscJI IJJ5 aUuSLi J) 1 a L_i fOouSeJ (J / &) riJU-nll j»_^C g2> 7L_otuaJt a . lU^ J 

.AJUeaaJl fj£. jJu -buJl jJu l^K-3 l (A) ^jljgjJl jgsm ^j£. 

2 


trtJuLi A£.j+ll .i jLu_a Jjjotlj .TYl — lOOg ~i\~i.f—~> AjjLa ^Lrtfl i ojy Laj (4iu> 

^jlggjJl . flir^'ig t (40s) ^gluxj aLjJua j 5jL9 jj ^^jljJl jr> j.t* 4 ■ L^a" 3 

R = 2m 

?^m^»)l <A a_> /i-> ^j^La _l 1 

.(40s) JUi- Jj U 2u_ii JJL> J 2 
0 iLjgl jJl aL^Ixl)! *_j s A^bfcl^ ll acL^LoJl i 

CO <Ugl jJl alC. jjuJI J V d_il->T« ll 4 £.joul)I - _>- 

. (dJL>lg SjaJi ■ *o ll 1 _i: aJjjLlaill Ai.ia jjl ijJii\)T ^_y-a ^Jl jgjJl . ^n >.i _J 3 


cUll 

J 

. j' : J-* 1 -3 jLu^Jl * 

.iUiaUua jjIJ >s«Jl:Ol^ I jJj <Uiaj_u) J j) :<OjLi A£. jiui I * 













( S) *s_i :> u ^ d ln->LaJl JuJtsej 1 2J 2 


(SjJUJl > fli«->i)S Lu^a Jj j ~>~i a ll ?r ■■■ a . (tis40 ) ’ 

.Isa-ueli 2nJ? 


s = - 




/ 0 = n \ 

u.jcx -5 


s = kR 


s = 2n 


0 =;t 


ji i s = 3,41*2 > s = 6,28m 

0 ^LolflJ' c\.a_u3 u 


0 =71 


271 


* 0 =—— 
R 


0 =- 

R 




ji! S — R.0 : (ji fclaj .1 *■ 


(AjdafttJJl) iUjeaisJl Kc. jui}\ 6-a.j a 

As , . . 

V =- • 

At 


v = 0,157m/s 


A s _ s _ 6,28 


to = 


0,157 


At At 40 

03 «ac l l l\x , i .° i — j 


as = 0,0785 = 7,85.10 2 rad/s 


Jbtjii L _j<a3*j . 03 = — ! 

R 


:T jJ-jjJl J^jJl t_)Luu>- ■! J> 

,ojL>-\j bjji til jjtiaJl jseJu fjMJ' i _]_ » 


40s « 


Oj 3 l 




T ~ 80s T = 80s ^3 - Dj3 j 1 D jj 


2rc 


T =- 


271 2x3,14 


0,0785 0,0785 


T = 80s 


T —- : Ai^JLlI JLsjlIujI 2 


to 
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a . . I jj ■ /I 11 A Q 1 » 1 1 jlj 




































Ec.WaxibqxHap/*H adlixUi) ik*)\ 3 ox><))\ cx9VJb3Vg cXxiVSixJbV 1 


3 »_i_i volii) 

___ ■•/ 

: JSU T jJl j3*aJ' J 1 

\ ^Lxuj ^lc <UrTkifl > ★ 

. d-C. L«u ^ ★ 

. X 4 s _JS13 CO ~<XjOj\ 'jl\ ^^ujJl v.,.ua>i _J 2 


= T ^9>Jl jJ 1 

‘.Lu^jQJ 24h 3^^ 3j^J ^Iffcnl ^^4 4lr*1fl 1 j^jCi 


T = 23h56min*24h 


0-M 


•..jjLijjJl -_i^f-lJ * 

3' A£.Lm 3^^ * j^Ju 


T - lh - 60min = 3600s 


co = 


jl _< ,-cJjsI d ;... ',' t i ^jio) 3*1 JwJ A^uuj 4 j al\J . _l 

2n 2n „ „. 5 


24x3600 


= 7,3.10 rad/s 


co = - 


271 2tc 


3600 


=1,7.10~ 3 rad / s 


: l?Lj U£=> 

Jj-jliijJi wj jJciaJ ^luJI 
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^qni-Trll jjlc. \iojjji i3jJo -I 2 

R 2 3 Rj j(m 2 ) 9 (m,) ±»3 

m 1 = 600g •. o' Uk. (m 2 ) 2u*i 

^JLoALj . djlflfcj ^ t ~~—- J^3 ‘^ (-A) (4*uO«Jl s _ l ^ iil ' ) _i 3 

.(Cj)i(Cj) i(B) i(A) o-* ^=> <^= >»- ^ •» - _ < < 1^ ~' 

.(0 — 2rud / S ^y5i Q2 *i <1 jJl jjjjJI o' > **» aif lj! •—J 

.(B) j (A) 02 a,,,-».ll 0>4 *-’ A^jjm ‘• • 1 l3 



uKIJ 

3^jftn-!i _>J- j . V nj J 1 I 

: k& 02-1^jaU ^aiu 

(B) j^LiL3«Jl (Jjij : P1 

(B) ,^-ujjtU (lr">_i‘^l' J-*3^ ' 3.9^ kj^Jl JUij 3^3 • 1 

: Lo-is 02^j ”'■ ^ua.it.j 

(A) fQjji^Jl ^J2l i : P 2 

(A) (»>i>t»L 1 (Ir-xji-iull jj ) ^jjljJl lr-> j->ll JL« 3^3 i T 2 

t qU-)I • 

. C, ^ M^L^-.. S/V ' ■ “« i "i a ll 1 30>a JL*i 3^3 : j 

. C ^“ i i * a 1> njS^k O 4 JL-u 3^3 : ^ 2 

0<~.MjU>...Vi aJl 4>- l _ ? k j3 s * a *3*^ ! B 

.Ql.Inj.fl>- o' 'ii^U>...‘^i oif .oyj'^k-u^' (3-Uli ,-aJ 

: Oj -’-— -» j — 1 -2j 2 

|*m> i_jk ■ 

\Y j M(F/A) = 0 


-JL>h>JI 7 0 j 













t 2 +p 2 =o : J 3 ^' A-Jlc Jaku ji ^yiSLj I jJ ~i%lS J_>Ui 

X JUfcj ^5L-uJ' 14*"~> <A->»^0 j £3c4 

T 2 =m 2 g---(l) -T 2 + P 2 =0 T 2 =P 2 

H B) xJl » 

T i + Pi — 0 Id^oUI AjJlC. ^A-tLau ' jJ Auiaji wdl^uxu^J 

x Jotj JSLlJ' j 14^~-» <\->« ^il ^Ix. igaUflu^^lj 

T 1 =m 1 g....(2) ^ -Tj + Pj = 0 T^P, 

y JV/( F/ Aj i ogj'f ■ i-» > ijj jtj^aU aLiLs idy *. m .. *>’i aJLa>- 

M(T r 2 /A) + M(T r 1 /A) + M(R/A) = 0 

o>^4 jjj! ^43 ((JSLlJi ^laji) u>$li abtj^’i 3 jjJj) > i>ab« 3 Vi J§ _^j_Li T 2 f'j£. LujJ 

^tjjjl x o^jflJ' = O’ ' 4 *"-) 

M(T 2 / Aj — +T 2-P^ : jj! (P 2 ) . fluVl ^4> Lull jjl^ 

• wuJLuit 3 ^1-L-u _^jJLj J' Ajif .u_JLuj F j ) ^ j£. L 4 I * 

M(T r 1 /A)=-T' 1 .R 1 t 0 j! 

.jljfjJl j 3 ^«-a Ajjf j»3_LjL4 443 (R) ui * 

M(R/A) = 0N.m ; ^ 


T 2 ,R 2 ~T J .Rj+0 — 0 : JtexA Qjl^uJl Jo^uii j 3-3U 

n-p/=Typ,.(3; ~ 

(lr->_iT«]' JuiJi ,jj^3) Ti~T i , 30 * 1 *"u UjIj Aji 3! a ‘*< 1 1 

(J " « ' JLlUt 33 ) ^2~T 2 O' ^4‘—> 

T 3 R 2 =T i . ( 3 ) . AJUJt AijbwJi J!(3)AjjbL4_!i 

: Jbu ( 3) dJjlxaJl 3 (2) 5 (2) 0 \jJ-SLs_aJl j L^gjjLuj Uj j ^jX. ^_waj ^jlLIL) 

m 2g R 2= m ig R l 


m 2 R 2 =m 1 R, 


-LjJLLC £_LL 



m 2 itLiSJi <uui 


0,600x0,10 _n ’innvrr _ inn™ 

m 2 =— --— » m 2 = 0,300Kg = 300g 


0,20 
















4 alr-i'i i a A '~~' J aJL>- j 1 y> Oj'3- 1 4Jl>- j ALftseJl u i/i JlaJbLi £j 3 

. (J^SLluJI l _yJLJ ^ (<iljL«J 4 _llu_JL) 

. 4 «IA ~ ■ a 4 a a (A ) O' 4 —» 4 ‘-^—. J -*- Q ^Sjj J 

. 4 aU»". '. a ^J^SLjLd Jj<~'iI jt->...N’l 4 *--—-*■ Lai 

(B) j (A) 4_.l-v-Ol 4_C. j _J 4 4 j ^ _J 


v A =fl 2 . 0 ) = 0,20x2 = 0,4m/s 
v b =R,.(O = 0,10x2=0, 2m /s 

5 

ob 3 ^ * /= 40cm L^J 5 L 35 i(m = 500g) (AB) <uobou Jujjlm (ju 

.(A) o^» r** vjt^' (A) jpv* 

A ( 

N ^ 

: 0 b 

k r> ——• —• 

*"| .F 25 F, jO$ 2 li l&jJk- >>>j 

TAj/C 

• < 

•jJjLoaJI ^ISOJl 3^5 ^ib 1 a *~— 

_^30* 

c 


•lS 54 JI £jl 4> ^SLuJl j v jLaa J 1 

h 2 


0 Uo^u/ Inc i _j 2 - 

4C=— i Pj — :ol Ul£ F 2 5$2lJl 4-a_0 > J 3 


g = 9,8N/Kg >2 
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cKM 

_S J/>■*:. ii 1 

3 ^J' w ' : P 
jLmJl ,_,!£■ o' ! R 

. La. ! u4>JLl 4i_i a aU^lj jLiJL3«j cUlJuJl _.U>~ ... \ %g 

iaJ 1 fj 2 

jy-o^mt/ aj iU * 


OLj^oJI (O^J-aJI jljyZ 73 



















£c.Wcui\)9xH cvO/^H o9V^\q iksH 3 ox>^)\ cx9Vi^\g efouxM 1 


.}' -A _jL_>- i) 3 


jl>^ 4 4£>- jl'iVij ,4j'l. Vlll JjLuJl }^M(F / A) -0 jji $H] ^tiii \\ ^ .U‘i 

. Jlait 4 uu Jlc 4£.LaJi wJjUll. o^j 5 ^ 

^m(r/a)+^m(¥~ 2 /a)+^m(f]/a)=o 

(A) )»=^9 ,'y» >44 RobfT^.MCR/ Aj : 



JMjjJt x a^jaJi = (* jjJl: (ji _^=JLjjJ 
•ijlj^jJl j3=«4j a^jaJl (J^L>. jlxJI £tjjJl 

d : P ^Ijjj d 1 I ^jl> Pj £jjj 
( F 2 d 2 (jl 1 a»^’)d 2 : 5 A F 2 

. wJLuJi ^LuJi ^oJlj jl P 7 5 ^joJLa M(F ^ / A) ~ P j -d j : ^j) 

■ ~>-^1' 1 ^LuJi ^v-j_Li P 2 5^2 l)U3 A4 (F 2 / A) — ~^~F 2 <d 2 

M(P/A) = +Pd-mgd • 1 ^ ll 

0+P 2 d 2 ^"W g d ~ F ^d ^ — 0 ; .jo . i J^jLJi i 

F 2 d 2 =-mgd+F I d 1 


/ 


/ 


d,= — sin60° 3 ^ 3 ^— / : ^SJ 

z 4 

oi! p 2 ^s in6 °° = -mg^+F v ( 


t F 2 sin60° = 4F 1 -2mg 















F = 7,2N 


gp»«] 

MWte 


r 4(4)-2(0,500)x9,8 . 

r 2~ - : Jb«j ^LuatJI ; 


0,866 



J / A = l,6.10~ 3 Kg.m 


<UU»c. ?'j£. si 1 « 

x Si (Vi-ijJ' aJUaC f jZ. * ■ 

J / A —tti 1 I . ajLjjJL, 

J/A = 10xl0~ 3 x(0,40) 2 


u3 wCJ> AJllrar 


AjJUa£. jai (A) a mi 1IL1 ^_yjJ\yr~ia <Ulla£. j»j>£ 

: djLaJLi 


J/A = -(0,100X0,20) 2 


J/A = 2.10~ 3 Kg.m 2 



(ftjliJI gQ 























Ec.W axiW\a9VhJ\g iUa)\ 3 ox>^)\ 09\^\() cUiu)Jt)\ 1 


ajh=lc. ?jj c. • 

(C) lg~UU.r j£=}jji jya ja .j ^ iljU>...!i/l <U\ia£. fj£. OjLlC. v _ 3 kuu 

J/c = ^m 3 R 3 ■■ ajLudlj 

^y> _5_U' (&)j~ A ;■■' ■ I Lai * 

a o _ 

j *1 i . At - ^ i < i | 



J/A = 4,05.10 2 Kg.m 2 


J/A = J/c+m 3 R 3 
J / A = ^m 3 R 2 3 +m 3 R 2 3 


: JL> i <LLa 


J/A = — m 3 R 2 3 
2 3 3 


J/A = — xl,2x(0,15) 2 ■■ Jbtia 


_ 7 i-LjyuM 

(F.F') < £$&4s>.ji)*j(m = 50g)<!u\z£=a3.R = 20cTni>j±ziJiLuaj. {D) u *> 

.(o) & (A) j §D*A J ^ jjJU dlatpfcjJS 

wjbai^i _) 1 

(a;j^ m(f,f')/a 

F = F' = 10N jiUk. 

.5j^J «. 1 J^JU Ld JL-lC ^ ^ 4 ^ d -L& jjl wLujL^I _J 2 

At — 20s ^juudj 5yJd dJt^JjP cU^uii ^"i-4 .1' wUil> I _J 3 

.V — 10l7l /S <LxlaotJl cLLC j~uj *.7i it 1.) La JUlC ^ _»^ ^ ^ v. tm>i _J 4 



















yi(F,F )/ A ^ ^aji ^>. ^ 'jx. .*1 l| 

M(F,F)/A = +F.(2R) 




M(F,F')/A = 10x2(0,20) = 4 


M(F,F')/A = 4N.m 


: Jj^C. »1 2fl 

A-) 3 ' j3~^ Lq< v ^ c 5jUx. ^" 


W(F,F') = M(F,F')/A xa 




P = 


_ w(F,F ) — 4 xu: <ti ^3 (X — 71 > flir> i jij uLlj.->'i4 li <ji L«j 3 

w(fJf') = 4n = 12,56 J 

P a M A c il^ ~. ■ . t N 1 _1 1 1 . *> ■ Jj J).*j 

: A i z i uu •* H A c \U\" . m*N I SjLlC i'^•» ' 


w(F,F') 12,56 


At 
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P - l,256w 



■.^ya ^JbJU Ec AjjljajJl A.j‘-=n^=*J l A^UeaJl Jai> "J 4 


: ^_yajjAi clBllaJ) SjLlC. 


1 



U^(&) j33ta J3^- <UUa£. 0 


/A ! 1 


£c = - 
2 


firf 

12 


CO' 


cp! 


v = flu; : ^ k Ec = —m(R(i)) 2 

1 r l4 2 

Ec = -(0,5)(10) 2 Ec = —mv , 0 ji 


Ec = 12,5J 


A . ;l ^ ■ a II I * II j I j 





















£c. WoxibqxH aO/>J\ \q ikxH 3 ox><)U o9V^3\q dUiViOoV 1 v^V>Jt)\ 
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,R ~ 20cm i . u> ^. a,t-k'ij .M — 2Kg ' g ~~ ^ hi .^1 a j ^ —> -r; -«-'~~ 

.CL a1jl 4 Ajjlj ^JjLa j~ ... a j 
• 2LuUuj! J3_L) (A) ,~iflllrVi 

a = 30 rtJlLaJi iolaTt'i 1 AJjbua Jlai'miLi 

(B) ^ub^A-Jl j y i—u Aa_j-3 jl>- - 

^ = 4N <G.a_j- 3 j 4^=>^j*l) L ^n < —->1x4 jCjjLi 

2 

■J/c = — MR Idiillac j£=>j* j53t« J$»- a^SUt AJUac Jcuu 




JlxII 

: V AJLj^u —jLi.>- » 

^JSLmJl J-C JjAJ 

s .—l.’l^') A3llaJl Jolfl-x ’l) AjjljLa j ' .'U'. ' 

E tA +w(P)~W(f)=E cB 


_y4(£ ) Al^^jJl lg~> ^llr-> jl3 4 lie 3 . IK.II i'lj j^JU l$ji l _y-s_j IjL^iS ^ ^ .t") O^SUl L«_l 
.(C J 3 J- <L*jbtuij^l <JaJu^=^ 3*JI l^j.tfllLa p q-ma-a 

£ = —Mv 2 + —J/c(0 2 :J1 
2 2 

(<ujijLij! ac^ (A) ,j-» .~iflll*>'ii LgjiO £ ol = OJ ■. LojJ (A) j * 


AB = 


0 + Mgh-f.AB = ^Mv 2 +^J/ca) 2 ,jj! 

- 1 lu-vjij (0 =- :^)1 1 ■« J /c~ — MR 2 ! 

sina B 5 

h 1.. 2 1(2 v 3 


Mgh — f -— —Mv H— —MR * — ; jl-> $ju 

sina 2 2 \ 5 n 


Mg — 


f) 


sina J 


=M i+ f) 














V szna 

1 2 (7\ 
= —Mv - 

2 UJ 


10 J 

\ f ) 

7 

v MsinCLy 



v = 


yX 2(9,8- 


2sin30 c 


V^y[l6fi 


v = 4,07 m/s 


s . It* H 1 _yb jju 


4_y Ljj ■ /I II jlj 



















Ep ojjauH a9\ix)\ 4ox>^\ bk§V^i \q ofouxlol 1 


4 ^ 

Ep dJuolSJl 


1 

o9\W\<) cij\iv)t)\ 


iioHJI ialkJI — 1 


d^jLLaJt . nl'i >« I A i mi ill ^L^bai'b Aitauu^Jl AilkxJl ^ AlaaxJ dJualSUl djllaJ' 

.^yjajLxli i s 

dia&l SSM - 2 

:(^>^?IV) AJLUl - 1 - 2 

..j ->• • - - - - — • ±J 

^0 ^UJ ^jA h £\juj\ M A "1 “| 4 > J^SLj LaJLx£ 

.iuJlij 

O* 

Epp 0 AjJUuJi 4_Lal£Jl 4ilk»U 


a i H a~i ll i^Ju-alSLll 


Epp = ± Mgh + £pp fl 


, a^IUUJi JLUlSJi diUaJi ■> jU. »l 

““^ ^ 4juo^JU ^ iH a ~«\l ti i j\^\)I 43\]^]| OjLuC wd^JLJ 

• JL. U£= Epp 0 


.^>-^-aJl Jall AjJliUl iLLalSJl dillaJl t Epp Q 

<uJl2uJl dJualSU' dJUeaJt jjl J^ij i jj ( Epp Q — 0 ^nYi La 5 jLc. ) a.4.d <ui ajjllac! jbbi-i - 

. Epp Q : jLub jUiAJ iLa jjlo 

. ( jX> -^4-11 ^-LuJ-aJl —■ Ij] ( +) - 

■ ^ ^ q i ,,i a ll n ..i - c.,,i-> : 11 ijj (-) SjLul^l ~ 

P ■'. A^ 'l-v I Oj SjIaC. *J 

iLLalSUl AiUeaJl jbLL.1» (fo ? ) (Jj (h J fcLfljj^l ) j^a ^ni> ^-ub^a jbu LaJLiC. 

Epp 1 = Mgh 1 + Epp 0 -. Ji j - 


85 , 











Epp 2 = M gh 2 + E pp 0 : JlJ - 


Eppi- 


Epp ; 


=ur4 '-*^=> 

o.*■" 


h, 


A Epp jvSlUI 


EPPo 

A Epp = Epp 2 -Epp, 


A Epp = Mgh 2 4- Epp 0 -(Epp j+Epp 0 ) , 0 ji 

A Epp = Mgh 2 - Mgh, 
tiEpp = Mg(h 2 —h 1 ) 


■ Epp n ll <talia Uo'iij V djsUoJl jjij 

:£pe ^11 <=i_L/llM - 2 - 2 

4_Lab=3 Ailia Ajl3 X jI-IIloj K djj jjjt l _ 3 iaUcaa !r-> . >• j\ ^jlrViinj UjLlC 

Epe 



I -j ■ -a II 1 ■ II jlj 

























ojjaVOV o9V)alV 4 oj>^\ o9\^Hq aAuUU)\ 1 ^\>Jo\ 


Ep cUualSJt iLSllaJl OjLlC 

: __ t Lj > A_uiLLalSJl tvalLaJl SjLlC. ^'•->•»" 

Ajjjjt -Zolj :K 

_il i 11 a i ^1 ti MUt~ . ..I ;X 

tfui/Ltil - 3 - 2 

4-ujjjt AjAV^ <Dl41^s rtJlLa jj«j Ajlii C d.1.13 JjjIj .(°0) ^]J_3 . ‘ 11... 0 Aj^l^pJtj L»JLiC. 

Epe 

jt* all iVjj -i l> <DlsISU 1 ^ AlUtll OjLiC. 

Epe = — C0 2 

2 


Epe = —Kx J 
2 



J 7 J 









1 (-Livoiill 


la_i3 SLLslieJt OjLa.il ^->ruaj . il~»r»-ll t ya JJl>- 

^liuji h Ju^Epp = mgh + Epp 0 !cJ a> Epp AJliiJi 2 uu»l£lt a£UaJi 6 jLn j i 

.<uJUlUi iu^lSUl ,_yi»-jil j? j 1 ■ ' n ■' ^ui 2 «Jl 

. Cub jlJuuu 4JS jjL« <uJULjJ| <LLalSJl dJSUeaJt J wj 

■Epp 0 L? a^juJt ^ 3 ~i... 4 ill ^U'i'i Epp Ailkki! J ^ 
■Epp 0 jll ^ 3 'u.i.a.Jl ^jLc ..U'l-yi V AEpp iuJliiJl iLu>l£JI diliaJl jdu J J 
juJl S 3 u^m-.ll (O....Trll jl^a Ijl Epp = + mgh iuiliUl 2LLalS3l diUaJl J Jb 

■Epp 0 = OJ o 1^=3 AJliiil iLUlSJi AilialJ 
juiJl ^5 3 -~.m aJl JiuJ (IU-jlsJI 1 j! Epp = - mgh AjJliiJl iLualSJl Aillajl J 3 

■ Epp 0 = OJ £A AjJUlUI d_Ul£Jl AiLaU 

JokJI 

n J _>■ J ^-1 7t _|->i«o J i 

^- 1 -se.ua J 3 QxxmO J -3i A-iJe-.o "J J 


b vdli\ 


:^-»_.-».^->ll jL*-! 


s j_jA (B) J! (A) JJCul) AEpp OjLc. _i 1 

• A Epp = +w AB (p)>AEpp = -w AB (p) 

.<CuL ^yuj i~. tjbjj :<uJUlDi aJujISJi iS-ialL> jjla ^...tcIi l »_• LjLlc. j 2 
i Jlcjj .<GjL ;'y .iuJlnlil iLualSUl «CLalia ^jlia LiJai l o ...;>■ J a". i_i LJlxc. j 3 

.fjA 2 Lu 

: ^Uua-pJ A^uuuJL) ^ ^<it 1 AjJliflill _1 4 

44 # , 99 44 # . 99 4 4 99 

. ^bj 2 ' » k 


4-xj L^-k^aJI ^9 -LlJI jIj 







Ep 4ox>^)\ /«lvt VYvV> \ 1 


Jxll 

. ^PP = ~ W Ab(P): ^ i^^]\ OjLlJI ■) 1 
a i* d_JUoJl <\Jl41SU| «Cl31!c3 ^Li . (a^ustjl L*> / flj La JlLC J 2 

. Ajjb ^jttxTi AjJLallt (AJualSUl «CL3Ua ^L3 Lii3i ^uis&Jl fl~i ij LaJi iC. J 3 
. dlajd <LlujJl!Li j^ou L’ ^niTtl auJlijJI 4_ualSJl djllaJl J 4 
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^ji 0 a ll mi ll ?Lub^a (jlSLa Sj^fv^a fTI — 200g a~ 1 ~<—■ (A) |^m> 

. Epp AJLaiil 2Uual£Jl *Oi\ia »_u*i 


“f 

4 in 


-f 

3in 

i 


(A) 

-G3-- 


»» If # -j 

. idASfcJl jLuJ>Ll ill 1 

<LLalSJl ^ alL->U | _ 7 aL>^aJl Jj'mia.ll ji mcLi • 1 

2 ^ tu* a 1' ^£b <VjJ 1 a I ' 

■> AJLalSUl d-3Hali _^a-]l S a ll jLilC Li • <_a 

3 ^j)~nna ll iuJLttjJl iULalSLIl AillaU l _ 7 x>^aJl ll jLiaC.b • _>■ 

A ffti»T<i]l dlaStJl jbl>-b J 2 
g = lON/Kg JL 9 - 5 J aLoaUJi t 1 ^ Epp 


J>JI 


11 11 _ 

1 i-a y Ala^J aV.i.u-ilLi —Jjp ._il >• £1 1 

£pp = mgh + Epp Q i ^ <lJLoUi iUalSDl ojLu: ji <«Lu 
Epp = mgh : olij Epp = OJ ^bicb j 


. AjJlt b Jl fiLj-alSUl ^alL-^U ^yv^ll ^lci £-0J fUii=eJl ibA 

.a j 11V. ll <\_LalSJl a ail^U j^a—ll ■ ■■ ll a ■ <■ ^ -IjJ Lai ★ 

■■o\* 

h = 4m Epp = + mgh aiM*Ji Ja^'m. i •. ' *JbJi j • 


Epp = +8J 


Epp = 0,2 xlO x 4 : jj| 


Epp = -mgh 
















2 J i -■ a 11 Q ) ^ (iA. ) : «_J dJl^Jl j • 


Epp =0J * h = Om jj| 


Epp = -6J 


Epp = -mgh ■. iObJt J • 

. Epp =- 0,2 x 10 x 3 


■o Epp rtjJUb rtJual^s dJjlia JX ,-ciSLjJl V Ajla . dJxsJt j\_>*4->b *J 2 


4 «-Li^u]l 



j$£j Epp 0 s ^ txjlfl jli <l3UaU J' 'i (S) jli'ifb 

h = 2m £-« Epp A - mgh 


Epp^=20J^ 


Epp A =-1 x 10 x 


Jj! 


A . .1 ^ . A tl j|j 












Ep oojoUH oiVJbJ\ 


J? 


v A = v 0 = 10m/s 


Ec. = 50 J 

_ A _ 


Ec a =—Mv a : LljJlJ 


‘ Ec A = -xlx(10) 2 «0-i! 


% 

O' 

3 

',9 


Lie.' 


-3- 

6 

i o 


■V iu: au^i _J 


m2 


j aLiUi ASUaJl aU-ilia £ Epp auJlioJl aG_alSUl aUiUaaJl Jli»- j) JljjJi La JJl C , 

ii ii _ it n_ 

. inTfll aLLa> i ^ybji-j<UijascJl aU^atJ' 

w(P) aUbJl dJUd £ aQif w(P)^[±l)I Jb*a dJLiA L> uJA Epp Ji-Ju LaJu£. * 

.aLjLi-'-l dJUa ^(. 3 ala.laa alSlLa L'j dl li'una alijlia ^ ^Oau ^ 

: alfiLLaJl ja'fl-* ij aU -iLxa J) i Iri i 1 


Ec a + E PPa = £c a + £ PPb 


.ajliajl aUalS^I diliaU ^aJl J ll (S) jjf Epp = 0J : jXJ 
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A3 Hall T i>- •^ i... a ^ j t (C)^ (B) ialfl itll ^J a ■ * j ^jjl ^, ( 1^1 _C^ i ... a It 

■ ‘ ' .<uJUuJl AZalSJl 

II . I - II * 1 

( jAj\j- (B ^3ji-2Li^c aIascJI jLlxcLi J 1 

* 

• (D) j (A) ,J \i uHj-aJl v ja_i <0l«3«D Aj ^HaJl ALurfSstJl ^p-a • t 

X Q Aa.i 3 JL>- AjllaJl HaUlsu! <U jbua A il t^,i • >_J 

g = 9,8N/Kg . AB = 100cm .^ju 

ii "-iii. -> 

Li-Aj^C. aIascJI jllif L) J Z 

• (D) j (A) T,z> jll < _j\_i Ala a nH Aj^iHaJl ,A_i. l~v ^_yJ JHa • I 


i'nii'l I jU^ .Jl j Jl -- >- X fl ui 


. A-i^jlII ,jic. LgJ ^_yjl Ajj^j^Jl D^aII Aajl9 


I • 

! - . 


uUil 

(D) j(A) Aj j^U-i ll A p . <*>-» l i • ' *1 1 

II VI 

- L^y ~ 


Ec a = OJ 


h = ABsinaEc A = Mgh 

Ep e A — 0 


Lu-iJ (A) £u3$A Jl j 



Ec d =0J 
Epp D =0J 

Epe D =^Kx ! 


Lu-lJ (D) j 


i _ y !L 1 a 1 -—) Aj filial' Aijif>T«ll JZaj 'jJa 






















Epoja\$\a9V^)\ 4 oj>^)\ o&l]b)\9 cfo\lv)a\ 1 0 


e a = e c 


X () ^airvaJ 1 ^xaliuJl -.iL»t>- • -_j 

j djliaJl a-> il iUliSL) 


EC A + E PPa + E P e A = EC D + E PPd + E P e D 

1 > 

0 + M gABsina + D-0 + 0 + — Kx 2 0 

1 o 2 

M g(AB)sina = — Kx 2 


*o — 1 


\2Mg(AB)sina 

K 


2 x 0,5 x 9,8 x 1 x sin20° 
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: JlJt-iJS 
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II »t -v 

Ec.=0J 1 ' 

_ : i-ij-iJ (A) £i-b3AJlJ 

Epe A = 0J\ 


Ec d = 0J 


Epe a =~Kx 2 0 


: Lu-lJ (D) Jl j 


iuljujl j butjjjut (E ) Laia J jai 1 £jl 3 iU^aliaJl clLmaacJl jjjlj 

w AB C ^ IV l jjv.i-iKj a ifl~im~i i&laJiJl ^_)£U j 
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=* 0 ^ L 


E c A + E pe A + W m = E c D + E pe D 

0 + 0 + Mgh=O + ^Kx 2 o 
Mgh(AB)sina -^Kx 2 0 


_b*j aJlLaJl la'flT» ij aJ jIsjs JUjLXiulj 



Jb*j AJl 4 j 


. (X () — 12,9C171 ) AOJLilJl Q ) 3jLlx)' ^yjJLi % 

* T 1 " i " ■ ..Vl ft 

W 

^ol 13 rtlaatJl 1 a^.4 Ajt i'i ill n J! S -SAallaJ' laid-* ij <Ujbca _)l 3ti jlm'i 

, it it 

j *I l-lAj <UujjJU-il OjAllaJl g-jllj ^y» jJu ^ AUaJl 

>(X fJ ) ill Ju£ AjjJ iiJ ; <Uui • j. 

F = Kx 5 jLjJLj Axjjji.a )’> a*j 3 L _ 7 Laju 

F = Kx 0 •• oj> x = x 0 u ^3 


F = 25, 8N 


i F = 200 x 0,129 


..!/> <3 ^b^jLi 




jLj^aJI ^11 Jl jlj 









Q.E. tulMiU o9^l 5 qIv'AuM 1 


5 DJL>- 3 JI 

Qj Ej d-SUaJl ❖ 


1 iW»l 

a9\y\() 

iioKlI %M 


Ec^yih Al««J' ajJb A 3 lla jl laa*-Mj . () eli) AZ-tyJay clil (j -4 du 1 *-> LuJj 

E = Ec + Epp + Emzc : ^ AU?tlJ iulS^i AiHaJUi jj| Emic $Epp 3 
«l» » I A <m till sLaJ' Jj in jLul£.Li AajJlXA lAjvxa_i 3 £c Ls! * 
'■■ -- <'*< f lajji AJUa&ll AjUac j^s jj» Jl jLuLcl l? 1 lc. Ajjli l& j)~‘i iA Epp l«i * 

•0*1* 1 

. iCjlj luaji lA jy.~J.a-i EtfliC ^Ui JJjlj Al^ftl) Tbj I^SeJl AjfcjJ tj'3 * 


?a1«jsJ' a jJb jviuu t_5jJl 1*3 ajljatli Aa>-jj JJjou b! ,^)SU * 

J y*' Aalc.3 a 1 ^ -v- A 3 Ua J 1x11)3 A£.jum . <tn^ 7 ) JjLlj ja*Jl I Jl CHe^ElTliC J\ii" i~i m J_J==>i * 

.jvili aU^U Emic iuli-uJi AillaJi ji 

iiiaiJ .iiU.JI dsllall 

.1^1 AjjljjtJl <UlacJ<3 ajLoll A-)^b~> * li 4 xx_JL) j)1^~i*i Alaa*! a_i1->-UlJi AJSllali 


ley^^fiil gt..‘Jl - l - 1 

i_Sjlc - JjLu - >-xlw» : ajl*L! AJUjift Jj^'latJL) j. j .* x j j_yjl ; AjJLj j-xflJ' Aj-lxJ 1 1) 1 

•VojSL) - 

.ajl*Jt JJijj IcalxijV' •»"■" : a_uIxax£UI a ,_■..< Jl *1 2 

. (jjL^ji-xl^ ioLuj^fL) :Aj33_J) A_lxxJI ■) 2 


:<si_l>I^JI <=Jl4JI cL> LJ-2-1 

: _> j _i a Vi 3 

Aj jm I a ll A jf—>J^J| .A-xjli* xSTll3 Ajl)L) jxill AJbtL' Aj^uxxoJl A l4-o . Ajjl^atJl A i*—>^*Jl 

.(^l^j-aJl £_}!->■) Aj35x 1' iiUbtlJ 

. Ajjl^aeJl A AatlljLXJ ijuJ 

: Axl-vIjJl A3 Hall Ajjl jjJl a . —, • I 1 £j 1 
Qjj 1 >»-!' 1$J _x1jLi_i ^jlll w L*'3j2 • 

: l-a-lf—> ALiaeD ■Sj'y*- Jj^scj JjJutj 




Q ct (9 f —0, ) 0 f 6, i jj# 0 a»- j.i j>*j * 

. xiiLtlil OjLui! : OC 

Q cl in rn b ^'~*—- jj jyj u * 
Q (X c jl c 5jUJi ^ »j j>aj * 
(3-ilftJl f~ jj) 3-iUU iuJL^Jl AjuuJI : C 


.ajUJJ A^ib^aJi iJLxJ' jjj a&Urtll Q 3jU£. * —j 


Q = mc(Qf -00 


: AjJloJl SjIjUlII TI-jJJualj ^-u-u Lo^a 

(0°) iiu jJt.a .11 a^-jJlJIj ^jjjUu j ojlftil ( initial) a»-jj : 0 f , 

(final) iuil^jjl bj\ >5»Jl Aa-j .1 : 0 f 
(Kg) _) j J-i j.-x.i.!.' 5jL3laJlj a I . a ~I ajlil Ati£a> :JYI 

J /( Kg.C°) _j ^Uu j L jlaJu j ajlfti! xL'iJvJl <Ujl^3«Jl a?.nil t C 

Q>0, 0 ^>0 ^ : JlJ^j Aa-jJ ,jljS ^jLftJ’ I_, A1. ~t~l Lft _LlC * 

Q<0 .0j<0i^jia®■ iflfl~i L»j_lc * 


Ait >• Via y> 

Q = AEmic ^5u j Alfts«iJ <u^gi*ft li aaUaJi ^yo jjjj ^^ jstJjl 


I J j>- „l*3 • ->■ j 

jRdJi_0jl2L» j (/) AjJUu jlaj jjjA t5AJl Sj yJftJ 1 ,Jn j s« ii .ll jA 

® j tj! ® SjUJi a^-j-s jy»j J! ^Jjjj ^ Aj- 1» j * JLa J^->- 

Q = mc\Q f -Q i ]=RI 3 t = We 

- JvLftJtw Am».J lnft_*jSw I l I t i ..all ^^55^1 llj ^ 

. jJLuLftJLll AAlia a_lC jG_u :3jl»Jl v J\j j\JiljJl ^)) 

■ Ajul_< ftj^ll AjaXlljJl AAllea Ajl£. TLJJJu : 3jlft-Il Jjljj jOLLilj 

.it -Wil* AAlla * 

.OJlftJl JjLu^a- l£j tJJLuUJij L yJl iajl j^Jl j£j ji jLuSLj^ JtajMJl AAllaJl i _ T Jb 

ajL*U AibaJ 1 j*aj aJl> j Q .5^1 jjfcl' J_> jatJJi ij^L. * —> 'f 

b jlV j jsej AJulj A>jJ . V if yn<a~ 1 1 ~>"—=3 I _yij ( -ftmTrl AxjLj^xoJl Ajla»Jl > illrt'i i 










Q.EbdJ>\x)\ o&\&\ 5ox><))\ 09Vy\() <Ju\&Jd\ 1 liV>Jb\ 


: 4-JljJl OjLmJLl Q 


Q = ml 

.[J/Kg] (_yib <Aj4Jb«Jl j-OLjJ iulSUl rttmll :L i‘ij> 

: 4JL»- j ijLuaJl —l_SLj 
.jlgmiM) ajuuJi i_P-aj = fnly ji j.^vyi - 

• OJi3 SjUJI ,jl JjLj ,jia3U OjLi^fl Q s = -Q f = -TtlL^z jLAffciil - 

4jJliSlJi ajluJi L v * 'i.q-Q^ — ?nL^ ■. ^-•x-LLli - 

■Qi = -Q„ = -™ L „•• - 



j IjxJJU bjJb*_S lo_4 s (J3 *^ ~ < ~ l j <UjIx4o£=S Lajl^J JouSLij 0 ‘a_. —> JLcUu . ~)| iT«J U J_lC 

<IjlM iA.SH cUtajljJl AiilLa A^UtaJl ajji u f. V~l . rtlaadJ <Llj.» j_< a ll <Ujal£L!l 4jUaJl 


■ jjl ^_)j 0 *ViSlLa i 


-j jJl *_Sjlja*Jl 

■J*—>1 Ijj ajl^atl! <U£sL« ujV^Tr~i1l 05^ * 


■ Jeaxu^U l$-aJL3^ d-Jjl^->- c^lla -n ll .Afl ° l Ijl OjlJ.~>U o^lj a~>111 Q ^SLj * 

bjl^>- aJ^Jjl 4 dla»- ajj lauju^Jl £a d-3LL»Jl JjLuj 5f clc^ ’ _*_'' '^1 

.(bjaUa) 

j .ima )l ijljaJl ^ 9 >j- cj\ J^^oj £Jl*j car^J^' C ^- 3 J' CE-^J ‘ oJLi-j ''•J 

TjLo <a_i Lr (Llll AZ j» 3 _> i a 15(1 ^\Ji.i.a ^ i n->_i la ajb3 t-Lc ^Jl Lai ^^-jlaeJl La^u $)\j 

.^yLuj jl^ata djj 

jyuu tfbl l^^r~> aala ^£5(C i^jjlj-atll AjuajJI "'■ j^ ' ^ * ■ ■ 1 jim a ll u ^v| 

<taJasl^=> <llaf> Ajl AJlC. JlibS Jj’ifll'iitii vjjj c5j'>=«Jl 

. S.Adiabatique iuSLubbai aU>- 31 
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£\_a1SL!' An. . 1' 


c +c +c +c 

*>U) yw •»£>> k»o 


<J 


C 'll AjjljJfc] 


_ 


c = 


/ 


<AjLoJl 

U/Kgl 


+ 3 *j' Am... *1 

m c 


A 1 1 "i < —t 

[J/Kg.c] 


:M jAumAJ^JUJ ^U£«J <J 

rt l ifl ' i m j jjl 'J t yjl cLaJl a\~£—, ^ 


Jbj > a H 1II jlj/ gg 




















■ ^«m~l JlAL^Sej djuji j-£== 3 i • i 

■£jjm\ *"l. V>-j JjJl La .f0 ) <1 ■ “ y* &j\j^ cL>- j J OJtj ' j' • ^_j 

?jjijj ^5 jJl ^yjLjJjilJl jlJiiil jAU .(0 ) '-q-iii-a- Vj! • -?• 


1 *U.4f > - 3 K>-j J ^Ja^J ^ ■»••■"’ ^yjl Aj^iUaJl JL; >Lj irtjjl «] t 

. IV??! li _jSLjjlSLt«J' ,_}j <pr.~l.ll - 

We ^jjli ^SJi Jj^srIIi - 

• Q - 

. ( Wr) Er ^bui^i Jj $=*111 - 

.Ajllj <\£.jjm w '^ jjjj .jyjL jj Ei <ub*ijdi Igialla jjUa .6 ■* ■■■■>• ojij ijj _i 

>.* lLv*—>j Emic 4-0^jj/j^SLIl jL^rr>jjfcJl l(jJL3lia y -jjj JLilLi^ . /Juj c\j.L~>-Ujl iCilj^SLaj 

1 V _^C >jLljjj«J' JLcLijjfpmiC <U-ij)^, 11 j^ySLxl' <Lu)l5Jl l^joiSlLa 

.jjijj £z < U , L-> -IJlJ| I^ 13 lia ^U 3 .(«UujsJ 0 3 jl^ 3 «Jl Ojyxj 13 ! — ->• 


2 


: i _ 7 1 j IajlS llcxaJl Q^uaj .l^>- i »_l~>I 

:G 3^1 Ap-jj £j 1 

.dxu^jJLoJl ALt»U u L c^Uc^Jl \ j 4 j jlJuL 4 * i 

( JJliSUl) C'^“jJlJLj^ ( ^u^jLixlLuj) l A. ll ^JAj\jlj • u 

:Q Cp-JLlI _J 2 


dJUaJ! j^Li j \JuU • i 


(t 7 ) J 33 JL) ,jj/ 12 u • wJ 

. Jji dlaJfc) !_>SL4J jlJLiw 3 jl J 3 

<OU=*J Lgjjl^»- | _ 7 le3JU dl«|> j 4 












* t_J 

JOIUD • fc_J 

J 4 


- A-*- ' :i 4_il>-i[l 

■* / <1 ' j~ ( 4-j-: .»_i 4 It) <LlL>-UJ| l^lalLs _)li AiaJtJ 3jl_jS«Jl 4_>-jj ,~m->flj Ijj • i 

.43Iks ■-<■ /■ -i /■.,~ < —»! IgJla <Ua>- ajvjJ jjjtj ijj * wi 

.43Iks Jlo3 /i f ]" i iii! 4_>l3 4Lu\j b 4_>- jJ *4 flu'll) 4jls*J' j..j UsJLlC 4 

. 43lla Jia /a ifl u»' 4J\3 4 _LiLj 3 j' jJ>- tL>-j J ^ .4jjLaJl 4jls*jl ^jLui i _i LsJLlC 9 J 


> ^JLSUO • i 11 1 

. Jjaus • I _J 2 

. n n»i«-> Jj 3 

•— " 

3 



a^ii 

Ijjkalks 4l«». 3j'>>- aj»- jJ lj) • f 

.43lks • --■ - 1 l$jl3 4la>- 4 j-j 4 kjJ'j lj* • —J 

.43Iks 4_>l3 4_i_ilj 3jl4-p*-jJ j ,4_iluaJl 4Jb*Jl J! JjLu J jn'ij La. 1 iC • _>- 
43lks 4jl3 4JL)li 3jl_^- j 4Jb»Jl J! JLaJLiC • J 


4 aa^ull 

^’ili^TTS (Fe)jL,.U>. 4 ilrtfl) Ocllr->C,| Q 4 ^. 19 ^bLa _jl 

? ^ r 95 ° c )j\ ( Qi = 2 5°c )SjtpJi 4^jb.. m = 0,5Kg 

.(Vtt = 0,5Kg) 'g'il"i <: —> till ^j*a tVjA.’rD J! Q aj'>4«Jl aj^'jLLil 4 xj 3 L jduilj ,_,lr-a-«_i J 2 

?cLa_!l 3 jI_^4>- 4_>-_iJ (4£3 .(15°C) 

: . ~'l_iU« a 

. c FE = 0,460KJ.Kg 1 .c°‘ 1 » c u = 4,18KJ.Kg 1 .c° 1 


4__) 1 ^. ■ a 1 ) 1 * iI jlj 



























Q.E. wl>\x)\ o9\^\ 5 0J>9)\ cUj\lv)t)\ 1 OV>Oo\ 


d*Jl 

:Ci . ■•- J- ' • jl) ! 

.0 = 95°c J! 9i — 25°c juJ bfcli rt.ilai <Sj i-i& 

SjLtC. J ■»~ ■.t ’< Aj\c a , jjuA y AjJb jj-flJl Ajbe-ll »A /L<-> JLjJbfcJl * , ,a i~i l _jbb>-jjJl 

Q=mc(Q f -Qi) djjbjuiJi AJb*Ji ^bu o^ju Q 

jujlsJi iulaa <*l-<^-> .m = 0,70Kg 
Fe jujLstlJ iuiiSLli iuji^sJi AiuiW: c = c fe = O^GOKJ.Kg 1 .^ 1 

Q=rn Fe c p e (Q f-Qi) ,qH 

Q = 0,5x0,460(95°-25°) . ty .*^ r -. 


Q = 16.1KJ 


;Ul! 0 —)Lul=»- «J 2 

Q ~ f—Qi) ibubuJ' djbjdl Jsaju sbl! ^ ^stxil 


Q = m c (Q ,-6i) , ^ 

(La «Lo / 


= 0 ,- 0 ! 



O-i! 


JLs&j djJ3 


Q = 16,1KJ ^lib |_Jj3=*aJl i^yuAJ «L«i! ^l-iCl Ajl l&j 

1.61.10 3 . . 

0 ,=-- + 15 * 


0,5x4,18.10 J 


0 ,= 22,7°c 


jblUjJl ,-w 




bj\jj>- JUJbbl AxaSUl,_) 11 fl ~11 i^jl_^3ejl ^ jabiJl (jiLflj (3?-^ c+* 4 '- 1 ' * 

.95°c J! 25°c ja jujbbi 

■ n j * 1 j “ i d j b lA 0^22, 7 C (J! 23 C ^jA > ~ d fl i il hj I ' ~ "* -—■ tfbjl^>- ^ J jbbb -03 cLa_Jl Lfll * 
Ajjliw b jjt b AJ34lu_i l£jAp>-jJ jib(j»be. ,_)5Lui_] ^olall^) Ju Jcbl w il 

• cUb 


M/ 









AjjlJUjVl . l n.l-Ttll ^y»(l71 = 0,lKg) rtiiSJ f jMJl ijj<)-i»'ill 

. Jcaju-aJl - ~ o«. ~i I ,(25°C) 7T t ir->~i . (01 = —15°c) 

J ■"■ t_.U-.il 

L_j= SSSKJ.Kg'.c 1 ■ 
c= 4,18KJ.Kg 1 .c 1 
c^ = 2,lKJ.Kg 1 .c 1 ■ 




uUll 


Q >s»J' -j 

dJb»Jl (_yju t -143 » (0 f =25°c) (0/ = -15°c) ^ya Jot i~i till 3 jl y>- ji l*j 

AiMxll JLojClujI v _ 7 a_ij_i V I jJ 3 .dljLuJt rtJbtJt J! £\_lUsJ' dJlsJl ^yt Cijyju .IjUU iUjLj-jJiJl 

: JljJii_ g uu-^.a ti jui~i.ni .Q = mc(Q j-Qi) 

_ C |. __ _ Cfus C'L. 

0-7 

f (^A~o) 1 

'.8, 1 Al> J-Ul 



J 

tUil Ajjlj^JLflJl <Ub*J' 


<\JbJl jj jjiu 
eloU AUiLj j-tflil 
—► jJjLu 


dJbdl j jou f*JLC 
cUJJ ^ j ''!_■ j all 
JjUi-► 


. V cLs cla 

1 1 *!>• _y»J' j 

. Q , = mC (0 ,—0* } dj^LaJl JLojlxoiI v j3L*J Ijj . tjl.~i.ll cUjlj AJbJl j jdu Jl> V 

».L» “ 

■ 2 Ai>- _^«Jl j 

Ijj (iLa) <VijLJl djlsijl J! (JLJL>) a .l.^-tll <Ub«Jl ^y> cUD <LuL_^JlJl j jdu _L>- 

Q 2 =mL rris *. *-JUJ» a2l»LuJi *_> ^vSLoj 


. ii ^ ^ II ~ ^ 1 « 11 jlj 















Q.E. <xJ>\x)\a§Vjb)\ 5 oj>^J\ 09\^)\q c4)\{x)t)\ 1 iiViJol 


: 3 Ai^ J} 

: d-a^laJ' Jl4*"nii! jS.AJ I jJ tUD <UjL dJbtJl j\ju JL >'ji 

■Q3= mC 'u( Q f~Q J 

• i jjs (_J^= P ^ASej» (J! Lj^Uix^Q ( _ 7 lSZJl ^ ^Sejjl \ Auic.^ 

Q = Qj + Q 2 + Q 3 ' 

Q=mc^('0 1 -0i';+mL frs +mc u 


: ,i> I ^ ^y3 ji l 


Q = 0,1 x 2,1.10 3 (0 - (-15)) + 0,1 x 335.10 3 +0,1 x 4,18.10 3 (25 - 0) 
Q = 3,15.10 3 +33,5.10 3 +10,45.10 3 


Q = 4,7.10 4 Jz47KJ 


4Jl4^ 


Q = 47.1.10 3 J 


CP! 


6 

J^j-4 clC^ •_oJCu Aji I 4 IC J. 1... n '■ AjlluJLi j _1 1 

.(Laiito) £jb»3 1 jl>Sfc«3 >>• JjL*J 

A/ j jljlo ^ Q3SLL1 jjuMmA j 2 

^4 _flj 4_4 jl j^j»jl30g > 

.(Hg) jO,4cm 3 ^Jc. 4 15g<\:,ii4rr, 

■U2g) 

C ^ jJLujl*U AjUlJI Lux^i 

c a; = 904J.Kg 10 .c 1 . c Hg = 140J.Kg 10 .c 1 
c H2Q = 4185J.Kg 1 .c 1 . c = 840J.Kg w .c 1 

. p =13,6g.cm 3 : ^ P Jfcu)U <U43t5tJi JdlSJi 


iOSi 



































a—- iA.' ■». ■>!' si 1 


C ^ = c 

(cal) <u, ^uu 


+ C +C 


A 

Al (gl'r-j) (Jfcuj) (£^j) 


|c^=m.,c.. + m +c + m +c + m c 

Al At c l»j c L»j i-Uj fUj 


m= p.v I O-i! j d lVvl l jl AiajvMa ^4 


(V 


m ... = 13,6 -~- x0,4 cm 3 = 5,44g 


cm 


k«JD Ajjlj 


J 


-Lfcj Aa il...ll SjLul)I J'JlC. i^L) jj-i 


c , — (0,130 x 904) + ('0,012 x 840,) + (0,00544 x 140,) + (0,025 x 940,) 


c cal zz 142,46J.c' 


o-2 
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.21,3 C Ajjl^j bj\j^ a^*jJ tLo 2O0g .UL> IjjI^ i i » 4 ^ 
A^jJ ^jU^lLS i 40,0 C Ajjl^^ A^jJ fcLo 20g ^L^ Ujl Ajlc j ^ s, 

C = 4,18KJ.Kg 1 4 22,8°c 

■ Ajjlj^Jl AJLllJI _J 1 

• |i ^JUuu&i! _J 2 


. 11 ^ j3 11 1 9 11 


C • 104 1 
















Q.H f axi>Vxl\ a§V^xi\ 5 ox>^)\ c5^\<) ctxiViOoV 1 l)Vidb\ 




j 


Q 

Q 

Q 


- UJLj^jjS Ig ilc. L«^3 .AaSLijLiUj! <U^jjL« AiaseJt _ji La_i 

+Q(U = o 

+ Q,A.u + Q ^-«- =0 

=c.< 0 ,- 0 ; : ^sj 

, : a^Jj aaiLJi 3jLi.»Ji Jg jayu 


~(Q ,u + Q uJ 

._ *|U tLa _ J>U) <U 


9/-0( 


Q =mC (8 f -Q) ..Lujj 

i;L (U (U J • 

= 0,200x418 0(22,8 -21,3) 

Q =125,4J 

_ jjt <U _ 


Q =mC(d / -0 i) «iiU j^» 

“ =0,02 x 4180 (22,8 - 40) 

<L.l 143W 


n -(1254-1437,9) 
22,8-21,3 

C^= 122,6J Z" 1 


£^1 <U=nc 

^ C u 

_ 222^6 ^ o,0293Kg 

K 4185 * 


: Jc*j liuLu itJjlxaJl Jg 


JU ^iUJ* i^llSLUt 


: JL5«Jl3 


) 


H = 29,3g 
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^ j}(i a & ’•* 


2dU>\ 

auV)yilfl\ □ 


tjru^fa -1-1 



^ * a ^)L*ulj^ LgJ ^ 11 ' ^ i ■■■ iUnI ■ * a li S^aUcxIi j! sj 

.-.J~il iifl 'I jl ( (».^9 546-624) _Ul3 

juOsJi jiai wjo> »jU-.,„ : . (magnetite) 

1 «. l^J l Ju+u £s> ‘\ ^ A . " 1 i"i\ ‘i i ^ l l ) ^ 1 I I 

.(Fe 3 0 4 _ i lr> l it < l i 
^aui 3 A 3 3 I) jU(jl Jca^-^ l^fr-D *J 

3^3^' . j-JJl J_Lo aajfl^Jl >a'1> » jU>~....j j i-)..^1I i <v5Dj JulC. . j Mx J.4 

&lj j q*~~—■ ^lU./'a ll J! Ajlxj) cLub^SJ' S^J&UaJLi >.~.ij4iit3 .d^su 5 


.(^^LLll _)jL>- ^ira i Lij files' Aj_ujUl!I itaiSUl 

.<uLi£=> oJ< 1600 fic "wGILBERT 1544-1603" ^Ax>- Ul £J 

.ii ,;, j 4 _im_ilr>l via li ijjsiiaJ' 4*33 DeMagnete 


•kilOil 

C.A.Coulomb 1736-1806 £-33 .(>1785 flc J33 -j 

11 11 

i jyj jXiLi^L lIIi 3I 333 5 jll j_l>- <ujaj j» 3J3^= 

. Aj 1 T 1 4 ll 

■ »« It3 hj^SD' j\j _ll>- '^J 

Ju^ju" H.C Orested " XL*j^i ^^sjUjUJi £j 

. i.'iC. 4jl Juj ^)l (pl820) 4Juii A~k4uj jl Aj 3jv^luJI 

j»>- wuuuj) /IL ii ^5 j^i==> jLu jjj** 

. ^ 1 ,."*1 **^ l l ^ 

"M. FARAD AY" -Jjijla- ^UJI cJil* il 

fl 00 -f . _tl 

.^J-Li. aLo\- 13 L 4 wUjiu ji pl831 <Li^ 3 »J bjy£uA\ dJujTl'il 

Jjjtj a2lUl4 SjIj j (di }>uj) _a3AL4 slLLu a^j3X1 31 .dJljul 31 
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3 rtlntiaa ll 3 ^j^’l J3^3 • lfi~.lr-> .io 3 JJ»- 3 -LA .Iflrtj .rti_t.li3J 1 J 4 . jUlll j LaJLoC. J 3 
3 bejL - 3 j 3 «Ju u 1 UJL >3 .Bj i _ y uajii\ u.njlnl iig ll w ltL>Jl ^OLjJ V) rtjLubl>. j^L .rtJbJl 3 _US 

. B t ^flull ^J5i>- - JLa-i. 3 b*jilj L^i N m - S M 


Lyb^o-aJI j 03 _L«JI 














































<7 mxi>Viido\ dasU 1 auV) / is3i\2 0\>Jb\ 


6 



tk >-$]! jla jljJI a-i£.li > u n>j J^.Ml j U* : —> (/) jLtlli ~A£>- ^ 1 •»'i 

■ .U»all ^1111)3 .AjljuIj^U 1 J 3\4«.|I 4j>- 3 A J^SLj (2) dirt 114 a ll S^j'VJ W \_Jl_fl_4_!' 

d_>- 3J1 ijla ,J! 3A ojj^U ^3.1 t«'1 


N 


( 1 ) 




N 


N 



( 2 ) 


JIauJI djULur^ ^yO u_) J\JLi ^yjl ( .2 ) a^J^I 3 ^J ^ 3 U 3 1 >■ I' d_>- 3 JI 3 

. JSL^Ji ^ ^ .>>3 a 3A ' ^—■ N 


: JUJau , 


7 

i £-a(b) 3 (a) jaK.i.Ii 

. L$jl 3 jLiJl j '3 111 dg-w ( <\Li 3 ^ c\jlju i/ 3 ) (£?) 4 _j_i 3 iiLuuJjLl * 

.(A/) 3 (S) Lilga>- 3 ( b) Aaj3jl3«U d ihi ilb 

CD imx , 


(a) 


(b) 


JaJI 


jll JLjJl AAcUli • 

l 4 ^—> J-durif' 33U jLjJl d$3>- ,j3 < v"i(( 7 ) djuui^U ^LluiJlILi • 

l\ fl A 1 ' ^ 1 >1 3 A 3 ^b 



( s ) ■> ) 




























0HQ) J 3' 1 |^j(^*) ^ •»_■ "j" /i .... /U i 


8 

^■i.fl~L»i4 .._.U»I i * /> I JjftskJl laj)lrv> ,ja*J j-ajl JS-jJl 0 lrvi_i 


•^rl'^.jE.. 



'D 

aJui 44 a- JJl>- J 1 

■ ft^i! JjSL) (A/) 3 (S) _r2 -‘ ’**’ £■* .J^inll j dJuJLaJt laliuJl j o jbu<a alaiiaa a JJl4 li 2 


JaJI 

^a Ja-jQ^ ',^11 N ^la-lJl • .Uta'i ^yt pr yjth ^..._.U>I '.4 a U Jat. 1I Ja^lr>->- j| J 1 

.. JSLiJt J UjU^li rig>. Lilia jlS 3 S 3 iT.l 1 Ajlai 

^ p U.»la-a Igiala- J 3 SL 1 4V-i i i a a o^j) J*——» J 2 

- ■"'E tj 3 SI 13 .4JulxoJI 4l~>flill J JflT.ll last! 

;;•••<•<!>"" ’ Z 

y r 1 \ ^ ^ k a i \ \ ^ S ' i^^ 

<£.-' • ,^D •J* 4 ** 

9 




N 


( 1 ) ijr.junlaLiAa ^ ,_.,>.ni ^j\Ljb_>. > 4 _l 3 CjJbu .r'.Aali ^a M rtlr>fl’i J 

( 1 ) Uud> (A^) ^ t^jlJLoljLLo UaMoL>. .(2) ^ 

§ N P B ? =4,0mT 3 B=3,0mT 

. M J J ..->•> ’I B ^juttlaUaa-1' JiaJl £Lxui Jla J 1 

. B <*4>5 dajLfl jjl>- J 2 
S M fllaiuJl J 4 L 03 J abu) 34 La J 3 


( 2 ) 


B 


N 


• ^ Iii jlr-l l l i a I ' Jisfcll jotl Ja^j 


































ijMuMiiiM dflsH 1 OxiViyAlll /&\<&)\ 2 


JxJI 

-J 

( 1 ) |I TjL> 33«j Bj A^>- . \j> i B 2 3 1>* c^== (Af) AiaijJl J3 

• S ya J>~. >. i (2) c) ..,. l- .l i i s l l Ji-lJ ysLi jjSj B 2 &4>-j N ya ^jsta jJixJl 



0, 5 cm 


-*- 1,5 cm so-i! 

—2cm 


B = ^3 2 +4 2 , 


lmT - 

Bj = 3mT - 

B 2 = 4mT - 

. ll yju ^jl^La OJlcIS Jla-*j-Lub (4 j 

B 2 5 Bj w l*—-’ JualijJ Ajjiaj JU-*iu<Li 

i(T) cJ! (mT) j'oj-i B = ^B 2 + B 2 =JL>i 

.( mT) _i at»_>~ i ill j^Sjj ^JUULi^ 


B = 5mT 


i jlsu tana si'na. cos a JuillaJi cjtiM*Ji JUt'..»Li :B _u 


tana = 


Jjlidl _ B, 

j^lskll Bj 


4mT 

3mT 


4 

tanCL = — 


3 


a =53,1° *53° 


.M Alr>fl ill jlll leo»Jl £4 Ca = 53°) Ajjlj ^ i i«Vi B A 4 p- C)i u «■•« 4.1 

l^LsL>. 03^3 * a =53,1° AJ 3 ij>JU lui jli .M Al->a ill j aLo^j /nuSj tj) j 3 

■ Igjlc Bj .4a it ,Jfl-)«|i jjjlj JLaAlj UA>3 1 ,B abtjb 



\ 12l J 
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3 (I) JjASLiUl lo£j .^J^JuLaJla jni iL-iLi-i.0 J»aim'i 


Jj 


S N 

1 ] 


M 


S N 

( 2 ) 


(i) 


S N 


M 


N S 


M 


^13 _.U.t ', 1 a ll / £\jl 3I3]! <\JSLuil - fluVi I 4 j £ij M Al~.n ', ll jj ,~ialc. Ijl 

Bj = = 4,0mT Ajjiu 1 M j VJl>- ■_■ (jn_iL->l ia* 

(i) ^E-JbeJl ^j-4 JLSL; 4 M rtlnfl ill ^g —>''B _J 1 

Mi 

4 Aa 1' jolj 1 .M AIajCLjJI Jg B itfl ll )l Sjuw _u^-J»-' _j 2 

M idaijl j cT-ijjf' 




Jx]l 


( 1 ) 

S N 


m b I b 


1 (M) <\lan, 1J1 |j b L JiukJl \*—>j Jl 1 

( 2 ) 


B, 


S N 


(i) iJbJt 


B, 


B 


B = B j + B 2 :LlC\jlJ/ > 1 * 1 ^') I jj B 2 3 B, 3 & B £btuJl 

^44 fl 13 ^yuJU Bp 3 B Ql \- 4 »i 3 

b = o 


g = V* 2 


S N 


M 

B, B, 


N S 


M iUbJi 


La -13 >B — Bj + B 2 :LcbuL ‘S i IjJ 5 B, ^££.\jluJI 1 B £lauLJl ^)t 

:5JLUI ^ ‘ 6^3 ^2 dj Bj ^lauljl 




*-jL) i II |fl^i EiJi jlj 
















^>svxi>V)jOQ\ ds6^\ ’f'VsJuo 1 oj><))\ ru\\ ya(\ \ 2 


•f jJLxa ,_,.H jlrM ii* ll JlA>JL3 


B JisJ' i 


»i2 


B = 8mT 


B = OmT 


B = B 1 + B ? = 4 + 4 
. B = B r B 2 = 4-4 j 


] 1 <_Liyu]! 

i*\ 4 .J JjliaJl §B> L*^= i-a a ^jlxj 

. Ji i fll! Jjli lr->_|-»-j . 'g~UL-»c * j a i \d J j3 St -° I_IA 9 slllAbsj^t —’ 

i = 50° iJJuk^I $JCJ 'J' ->~ (ji Jca^-VU 

J jjlaj 05^ Lajt >c )Jl^3 d — 5° _ai ^9^9 

■ La-i l itaJi 

j^X. J a .y.. n 1l i it a )' ^ibla • 1 •] 1 

•C>“’ • 

9ftj-aj $ALa • >_j 

£*(d) j (I) l^gLHa JisJl Life JSLi J JJLs- J 2 

L14] B„ A-J j B h AjJuii’l <*—J,. ■ a.~> 

4.10 T"| 1 Ij 4 |^)13L3 S^J rtj jjt fl ^l l 1 JLA 4 J ^ ^Ua Aji. " l 4 if _j 3 

■&v9 &h L>® J^=> 



Jxll 

^_,..._iL->U.i,a.Jl < J.fl~*!l aU.. 4 a ^ ll d^jVl w3l^?u! ^jx: Ja^^a ll | _j l nL' i A aJl JulxJ 1 J 

La-ili-aJi W ISL! a i..._.!r->l i■»a ll J<)fl-»|l jOlj ^_vC a.In i J Li UXha ^yJa\H\ 

^jX. jOLJl ^..■ jU>I 1 4 a 11 JJi^JLj Ax> Jlaj ^iSLaj .^usjSU _ i l-> L i - x aJl JirtJLa 

.4a \1 j g \\a i^yc2j‘^l\ jja ^ ^ .y*s~) 9 _a C >:.1 m a jlr*> Ljtxa 

MjJl 3 >_ 3 jj* Ij tlnlixA Jl ■ _...'->«ll Ijl^J N ^-S f , 

n g -s g — JLau( j^aaJI v _>C 

jjljstJl Jj) —£\J alj lA^CJj a jyJLua 

^... jU> 1 ; 4 a !l IJL^^ ( d — 6° .~* l —■ j» 2005 4uuu 

.>1x2^Jl jta <• Lx ■ 1 a3'«U^lj jOlIIi jJl 

Sg 



'••• S M 
















. B r jlal iiu ll JJlj«Jl1 

D (J-ulai ;J J. 

B), :4_lfl3^l 4 > jaJI | 

B v : 2 Lj^iLUi ■''• a ii 


o* V 3 
(*) 


i ( _ y A Ma w U3jSfl ^Sfcj tbjmil ^ lU .ua ' l OjJ%\ L JjL3eJ B h ^jU!Jrallia. ll ^Ja-x-ll 

. ^_iJ 

J .^0-3^’I lastll £4 ll S^J^I Igt iu-Vi ^yjl Aj^l^Jl Ly &ty nJj^Jl cLi^lj : f 

. B h AjiajfI 4iu^s^4j By ^/u ApjljJl 

: B, 3 ®|, J£g ilt; $ _jLuJ«. fj 3 


Bj j=Bcos i 


B, = 4.10* cos50 


B = 2,57.10 4 .10 9 T 


. B h 

••jjl k COS I — —— 

B 


jbfcj L j4aj5 *jJLi i = 50° j B=4.10'r\T :LujJ 


B h =2,57.10*\]T 


B, = 2,57.10 S T 


T Vm ill J ^1 T ^Lu-i^jLJi Lkl^ ij] 3 


5<Ll 3 ii..->o ^jjl clu-iall j i _ y ubji'l , ,i^_iir-> 1 i>« ll w > a-»n AjulSI/I ^ . i ‘~~*j ■“ '* 4\ 4 _i3 ,_y& 3 

• 2i U> ’. ■» * 11 

:Vjl 4 Jmi..i ~i .^yrfbjS/l ^injlri' iia ll ^JaxAIB AjJ^iLoJl ■* ‘‘~~'J a '* <Wjl 3 i._ilmnrl ■ 
" " V D 

B v = 4.10 4 sin 50 .asLla^^ju sin/ = — . B v = Bsini 

b t 


B v = 3,06.10* 


=OJ! 


i-JL^-aJI pi) 11II J'j^ l24 






















aw\j/&$\2 OV>Jo\ 


1 2 i-AJyuil 




1 'J£Jui\ 


l _^CuJUJl t jQ^lr»'>)l £jJj 1 _,»i - ilr>l.<.ia > _ t ut-ta 1 B 7 ^ bJui ^Llo) 

SJLjju l^laaajj . l-i ^~mi 4 j ^4 Ig-iSla-i ^ubj J 1 

. B 7 ^jtojiia Liill l _yi .lajlill J^=> jjib jX- 

i (1) I'JSLULi ^Li aj> aLu3 ^ojl s_l>- ij i£ jjl ^uo^Ji )jl i _^_i • I 

. Aj ^uHVi ^_yJl (_,«i_<l->l iA»Jl (Jfl - *-)! f\auu J-La^ 

Aj ^iAvVi ^ jjl B iT4 ll OJum * >_J 

B h = 2.10 s T 9 B t = 4.10 s T. Ai^^Ji 
^aL>- ^yLc. _< 'j»f ALaL>- (S) ^9-otJl A it->5 A£>- LoaksLiJua Alus^jJl jx _l 2 
jj A-*Aa^4 ^b I rt i CX =60 Aj^l^j 5 2JX fa Bj Alfl*v ^Lxl u 9 iAJLuo^jJI 

.(2) J2LUI 

■ ■-■'fa ~>- 1 ^jfajJJl J ■ ■ ■ 1—>1 ■ 4 a It ^dLtoeJl ^Slfafaj ^ ^JJc 4 * i 

. 1 ^ 1 

> ..I B j ^jUi jJr"fc\ lYA ll jJjtLDfcJl SJluj s . Uti >»i • 

JL>-I^j £ LJ tu.A^\ V*4 It 

jB ^ylS.ll 5JLL > am •>•' * _>• 


aV 


.a 


(2) js^ji 



! *•'• 


I 


s 

N 


JsJI 

U 43 fa^yiLdi j.~fajn 4 Ig A»_i ^'5 .J^aLu j 3 =*» a!i^-> j-Ji ,ji L&j j 

iJ^Sj jJLjJLi^ fa,_)fabj^l 33&J >—ij^aj ^3 fal-va/i fa_yiai £0*33 uifj AluajjJl ^Juu 

^jiiijl-iLtAa Jl (JjastfalJ By A_ul 3 i’l A 1 4 —>^aJI oIsbj! J§ AstZi Igjla A_»lc. j .i=0 I 4 JU 4 Aj^lj 

■ fa^jjlrTM.ft.i' 1 ^Sfaifafa)' ^ ..~t ^>3 1—* 

aJ ^fafa<±ki«j j_^Ul _aLs» 1 i.7.4. ll l Jja=«Jl 

^...jUfa l *1 i fa) ll a-vll ^fajQ A- >_|~| 'fa ai.^faj 'll 

. Bjj A_<aaifl A*< i‘—ijji Bj LT^J ^ 1 


J>3^* 





B=B. =2.10 S T 

-4--—a- 


: A_l4 0 B 2 — !( jj| 





















IlL.a a-J' '■» j' ^uJlDt B j Bj *J 2 

: B i c f. j ^ )\ i i ■ *>■ ® „ 


B, 

Bj=B h tana -.jj! . tana = — :Lujj I 

Bl 


B, =3,46.10 5 T =j-i! . B t = 2.10 s tan 60° 

:B > _ T 1SU' i ■» a 3jUu ■ _>'■■■•*• * ->■ 

B = ^JB]+B 2 h :Lujl 1 w 


B = 4.10~ 5 T 


Oj!• B = yl(3,46.10- 5 J +(2.10' 5 ) 

COS a = — Ahj jJeaj3 

B 


B = 


2.10 5 
cos 60° 


= 4.10 S T • 


B. 

ii . B =- oj! 

cos a 


13 


a (B)^ (fl) ^K i nl l JJl! 0 L~>ij 

._< j 77 .(f) AjJuii jUj lag i a •'-rSH 




J5J (O) biaiuJ! j B ^ .4 n 1l J7i->'l J'.ii i 1 

. (o) blr-hfl.i h 3 c\jlju^3 3^“' B S^Llc I t-ic 1 _j 2 
1=5A jbjJi ajuli 3 Laic B . .iuiVi J 3 

R=4cm ll 'tXt.uu jjl ■ a..-n a N=1000 A»ju lij 3^=3 Cj'al-v JJLC 

.|i 0 = 4k. 10 T.m/A bjjliu u bi~i L=60cm boj^jlsaJi J^loj 


<•1 . 1 1 11 ^ 1 ^ II j I j 






















nz Mv? \(6-CfO 




B 

* Q » ■ 


B = 


B = 


4n.l0~ 7 *1000x5 

2 ( 4 . 10 * 2 ; 

4k. 10~ 7 *1000x5 


60.10 


-2 


AtaiuJl j B 11io il ^itUcJl £\jum ^Aaj -1 1 

JUjlIojLj > A^l^m. 4 ll djl^LUJ JfJ) JtSU (0) 

.j^-c4l j\ JuJl 5 JlcL3 


J ^ ^^SuJ <\JLAujj 3 U cLxxajJLl - 

. v JSLlZJi ^ 3 ^ ^^*" > *77 h/l ^3 .tm.q..ll 

•■ gUo a^ 1 > 11 4-ui-JjU - 
L& 333 ^ ^ 3 -iisaJua B 03^ 
:J£jJl ^ ^uDfyA 3 ^ 

:(0) *\icaiLjJ' djuuLa 6 5 jLul ■! 2 


£ = 


2 i? 


4 I' dju-Jj jJJ 4 tin lib - 


B = 


[l 0 NI 


•( A\ A * I , .1 3 JI ) LJ 3 jJl^cJl] CV-LlllJiJLj 


. ^ j B iu-i ^jL^> "j: 

•.djfcicLuu U 3 U A 1111 I U ^ 


B =7,85.10 2 T 


• a 1 * 13 j2 Llo4JJIj - 


B =1,05.10 2 T 


13 

i. flj^j .0 ^— 1 j ll fl 1 U^J (A^) 3 (A ; ) ^jOljLaj-0 ^ "^.Ui,,. a ^ "i>_i o j j\ 1 11 

4 juAi$ .U4J-JL-1 la._i.fl 2) 3 ^ 1) > J\j ^'ua a ^.'Lt.fl! 33 R= 8 cTTl lag ja 

.(jiiiji) B Q =1,50.10T *Cl»-l 3 bmilraLji4 MjtL>- (0) j 1 -t. 1 j 

JSL! N CjliiUl jjlc > Lfl 1=3,2A <Ci jLlu ^ 2 ^_J^~ * ^ ^ aj ^ jjl j l j _i ] 1 jji . "lal c. I jj _J 1 

,|I 0 = 471.10 7 S.T. ^u._, a,_.,t. j 

.^jLii.a_ll (JSLuiJl jj Jtub^a ^Ala*—?> .( 2 ) 3 ! ( 1 ) Axjjii^ —> j jbjJl Jjtsej iJ 2 






























tjLjj jjj-» <> tt _i ~i I >0 lit 'j£=>jA j lilt ij ^ jjl pulin' i'lq ll J AT»lr-Liii4 AjLjuil jjl ji Uj 

:0jLul)Lj ^idLlJ >7 4jjLui ' J J (j*~— 1 


N = 60 


B 0 = 


VqHI 

2R 


N = 


N = 


1,50.10^x2x8.1 0 
4 k.10~ 7 x3,2 


-2 


B 0 .2R 


: B J ■-»-»■ ■- '* ^^ulalotJ 1 | _yxjLoj> *1 2 

^jiC. IjJ^AC. <A1 oL>- B 1 =B q ^jA 1 AJLMaM jjl ^■•■1 - ll \ia ll Jfl->.'| ji |«Jju 

ii< ll Jujl j. \C Lfl-i J.,VVi j .IjJ^iLu .A ; Ajlxui^JI J? -y~uu a 

■ u i«jll JuJl dJLC.lflj JJbtj Aj^-j >LJ iL3i 05^ ALaL>-3 B 2 =B 0 $lb A t rt»,julijjl ^LljJl 

. B ^ j B 2 JJfLxi! It.T.ll p 4.43».aJl B ■ * '* J j 


B — B j + 
































auVj/mU /A\^\ 2 


,( 1 ) idlsJi 3 * 

^jSLilJl ,3 ^Lub^a U^-> J\litseJl A£> (A^) j (i4j) 3 

(1) 

i B <u.>a - 
B=B 0 ,0SU . B=Vb5+8? 

• B j~ lB o ^'3 


X' 


^"“(Ujsaji 


.Q 

5 





B 


y' 


B=B 0 V 2 1 >B=p 2 0 +B 2 0 «oi! 


B = 2 , 12 . 10 ~ 3 T 


B = l,5.10- 3 xy[2 
. 45° »Jjlj :AJL4L>. 

.js-ji 3 .a .^~>- 


y 


X' 


B 


7T I (2)JSLUI 
-O..* X 



B, 


y' 


:( 2) dJbJl 3 * 


( 2 ) ^ISLiJi Jc^j iuljLlJi Aiu ^i. q i i 


B = 2,12.10 3 T 


tJotj Liaji 



(4) ^ (3) jjis^ijb»j(4) 5 (3) JUIUI 13 

y 



y' 


B = 2,12.10 3 T 


: Jo«j I'i.l.^ra 3^ 



























$jgj|j| 

1 5 

jLj iJbjLbu V laJUX. a U>', 4 n a 5 jjl 1 :>l^. A —, j n i aJ_i ^k> A a jylxj 

jJSLUl AoJ) jIulaJI ^0^3 5 J 1 Ala i i A A I' hjS^\ 
t _jU 3 j ill ,,-. _it->l I •» a 1 l < JjlL 3 fcU Ajfl A Vl A «*-—>^-q— 1 > 

B t =2.10 5 T A o jfllLl ,_,lr~k‘»~l 

.n=1000 ^ Ji^laifi 5 jl>3 J jjlc 

■ |I 0 =471 .20 S.I :(_,WviJ 

■ ilHIUlA A_jIa>-! ^*~~—I yvj>- 
la^-L>- JSLiJl j J-latA-il abkj'i'l j .Aoj^ybdl jULxj IjLj JjA*j U-LiC 11 1 

jLajJl ^3*j • i : yatj ATfc.i~i Ayj^jlaaJl 
^3«j • w_> 
fl ■ 111' ^ae_> * _a- 

AjLoyS Ll> y=3jj» 3 ^...jlv, ■ 4ll ^pL5«Jl jUb*j 1=20 VflA |J i7») fj % 

. 2,5.10^T»J>. i 25|iT *wj * 2,5mT • i 

^3tJ * i -. —3 jjx . 1 : aU> ;i«. U U 3 

51,3° •-a- t 20,5° • wj « 86,3° •! u 4 



/ 


dxlt 

Jbotj <cr iL 4 jJl Jujl ijLCli J •■■ » -A.i iiu jjt ^>-U ^.., jl-»l ■ 4 a ll la A^>- , U. j] £J 

^vC tCiLlH B,, ^jin.ilraljLX^Jl ^JjOAtJl A£>- j-uiu J . I jLjlDI A^-at i j aJU ^ ia *ll JlJ| Jjluai 

. y - —■- -yy- ^ --1 tAl.im^Jl 


> _yil A-»j-> ^>'1 Ajla-^l’l ^JUJUj jLu_Jl Aq>- I J JijcJl la <)!->■>■ luajij 

Ho Afl^laJLi w '^‘«~* Aajl3 ■] _ 

B h =25.10~ 6 T 4 B k = 4n.10~ 7 xlOOOx20.10' 3 


Ajla-^l a 




B, = 25MT 


O-i! 


ai . ^ ^ 11 ^^LrJ! j lj 










(jjjuMiaM 1 ox>^\ 2 liVsi) 


®7' A^SU 4LVITI4 4 ll SjjVl 44f» 03^ J=OA 4JL>- j J 
^ 3* 1 4 *—> (Cl) iuj\jj 5^j^i —a^.T* i~i.1*0 aJI>. 



tana = — 
B t 


25.IQ' 6 

2 . 10' 5 


1,25 


tana Jlgi'miLi lg m.Tt.'i Jai^3«j^i iujij _j 




a=5i,3° 


•0->! 


v ^ '.IA y .1 ATi.JL.ii j^jJlj J<T 4 j jL~) Ibb jLo*j ] 0 j t ~~~tj 4 It ^ 

J^Jl>- e7 Lc Jx'V)* i A ( | _)2ulJl) lA ^ ^yLuljJl B ^ju jlr*>l)i4 )l u )fl , a»)l OJlui 1 _y/Li3 

jU"ll. ~tl,nl j /i ll 



1(A) 5,0 4,5 4,0 3,0 2,0 1,0 0,5 

B(mT) 3,4 3,0 2,7 2,0 1,4 0,7 0,4 


S^u3ji/\ ^...jU»l I* a 'I JjLJeJl jLlxC.^'1 tjyiLJ _1l>-^I <L)^s«jL)l oJl&i j /yS ,Jj& J 1 

i i~mi~l IjLa ~B = f (I) jbyjl |4-u<j1 _J 2 
.0 j i*4 )l J «•»•" Aj^lrttll SjLuJl l-*f i • I J 3 
.jJbtl) N y-)\illll V \C ^JuuUluI * yj 

L= 40 cm 2 lh 3 ^ 1 s«Ji J 3 I 0 
. 20 fuT 14 a u ^J 2 l 3 *U ^ ^— 'j^ ^ 
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l-NP= 2 cm . / JL v_5j34c Fo'^ 0 =— *-4 F= II BsinQ -.j£l 
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mg 


II 
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B =—— :<U43 IlBsin — = mg : CP! 


B=2,45.10 2 T 


B - 


0,5.10 x9,8 
10x2.10~ 2 


: J>«Jl 3 jjij 3*1 










3 ilU>\ 


1 

CjLuj JlxJI V 

Mihail »-lil wn^all ^ iu 1 

-I 

c^OaJl (jl jUuca^l iUjit^ju <L3jjjLa_)l Ajj^iaj j 0^3^ J>~‘ cf ^ 

bk^ul c_ 3 jLu 3 U LoJlIC 2 > a_i fl',,, a Je 3 ,j^-> >• j OJjJfclj CLU^cb CiLlAjU>- O'® 

> *ll.’i^ «'ti i~>jj Igjlr ^uSjlxj l^iLs Jjl^uiU i^h oj\ Lj' jj.\*-—* 111 i•“•— ilc 

jt..,< ~.Vi ^la jJay IgJMi- jjjJ eRecall jj)fl i i ^«m'i UaLu^i cAlLusu LaJ ulC. Lai 
LaLaa ,J»l_LjJl i^Alia Ja-baj AjJ? cLn> 3a 4 ■»_>il-i cj)i^ll o' jOci jJJujA O' J^- 

<Jja a lain aljjj Ju^sb Jljj cLn>- 3 a dju-LLa u^ualJ O' >—9>*a Q' t ~~* JLig ■ ■ ~i j.^-»ll ^Jjaa 

•t 1 *? 3 

wAJlij ao' JLij £ a --»1 1 ‘*_‘ A .'~'?*'' A«j ,L-»ll Oj%£ Qjlini <_ii ^jjvi 20 ojill ^LLaa j 3 _l 

O ■*>' a “‘ '»*•—' Jaaej |<aii> — 1 JaLanui^- o-® 

i ^ . JL>I j O' c3 Axaiu> A.xj ilea j cLjl>- 3 a cVjtnxlo a 3 O 1 U O' ./yiC' -■ ~‘ ^ 3 -'' JJJ j JLia 3 ll 
O^L> j 3 ^Al 3 L 33 jl,..<'iVl j ^ISau^t : l _pa c\J ri_i 4 _mi 7 «i' rti_i ilrall La^lsaJt 

.^yi^J'L. i~ Ii ^ jL-\^—. /i 1 j a i a - 1 .U\it . j’. a i 0 > y >~i 

:>_$_^D i v'— nl —>1 ^,l_H)^Ul 1 -a—• 2-1 

. da jfll.i.a La^Lt>. j3( Aaa^iaa j a 3 -call j»i~i ij 




cUjl^lo cLcj^aca <La^> cLijliia cLij^cca <La^>- aJicLtia cUL^aca Aa_^ 

:o>— lIJI i cX3l_jo 3 - 1 

.^wLSLxj a' U^jli J 1 J 3 J 1 

(jatij jliaj l lj jjl^Jl o^ij^' -.Jjjf Oi-*^J' * 

. O 3 1 ■*■ a 1' 

: a 5 i i ^^ISlajVi <b 3 'j £ 53 ^“^ ^ ujLI!' o^- 1 ^' * 



I = I 


(O^JjJi ->ijyyi 58 



























11^9 1 



Li^Jli a 2 ii 3 a 1 

j ^jbuij j“^ ,a '*j l Ji^' J^j^l’ • 


sin i 


- — /nb 


sinr 


n jLS ;i^'i iLuji a 3 a 3 a I 


n=-^ 

j c &£. j+jj 


j c <^uiaJl A*L. j+Ai 


V = 225000Km/s 

cl* 

V = V = 150000Km/s i^l^jJi ^t^ji jL^ijt^aJi At ^ui • 

V *V = 300000Km/s 

(>)* .U> 


^ t 4£. jjjj • 
j*| Jl>- w <X£. jum • 

^ C &C. JUAJ ® 




3.10° 

2 . 10 " 


= 2.5 


3.10 


cl* 


•'»» 


.u 

C 


2,25.20 1 


= 1,33 


■=£=! 

C 


•'j* 


^ ^ b A .... ill i 1 IAj . A-l -w .1 ^ 1 ~i H i q Aj ~w 1 ■.. *\ 11 A i t j A b*\ ... ^ 

sin/ n, 

-= .'i.l 1-1 =- ^LUl A£.lju^ JLj.1.1 Q^lA j - 

s/nr Hj 


n, sin i = n 2 sin r 


sO-i! 

1—30 ^5j3 ^3 'iH J- 5 ^—^ y u>. glr>..< ^JLc Wain?) Aj j)AjjjiA A-0 ^>- : JL—a y 

.jj-ulSLau^l w-ulu>»I • 1 

Ij^jj 4 imilbl,33 cL&Jl jLcaSLjI ^ji l^Ic 7* jLuSLitj/i Aj^tj * -2 






















V 

\l 

= ld^b 

/ 

V 

= 1,33 tU 

L 


^ \ 


.D • 3 

. jyjj cV^JLj l * 1 


i'=30‘ 


smr = 


i i < t * 1 

1=1' ^ISLa-iMl 
((» i jflU ^)u o « l l ^ISLaj^l 0>>^) 
,ruU> • 2 

Mj sm i = n 2 sin r ^vgli ^ jUSL^i j$jli J^u^j 

rijSini _lxsin30° 0,5 n „„„ 


1,33 1,33 


= 0,376 


r = 22' 


D=8 C 


D 31 <U a* 


, D = i-r = 30° - 22° 


- 2 
1 - 2 i 

is’l sj>J^laH j\l?i j>ll J!.j . 4J1 Ji w Ls 

.(^^uJulII <Ll> A aui .1 l^j^ r JJJJu v.7.4 ji 4*») .^UiiJLsJl d^£.«Lj ^Sjj^x j >C. 

!cu^i? - 2 — 2 I 

^^.— 3 lii .«< IrTk^iia ^w# «—JsJ lZLZi . Aj.j4Jl^> JLxJ' 

.^7,1,4 UA>i>i ^SLj (ji ^£1 ^j 

: ^jlaj *VjJ bt4 icUxiJLaJ ^UfcjUk-^7 ^JSLu ^Irij i Ijslji 

3^1 - 

R 2 jR : a■*. till JW3^’ ^_A=^,_,'1 - 

e=0 ? 0 ; A-urfJLaJi > * 1 a«k • 

.AB &UI*\J%\) ~ 

^jt-4 j-OJ I'll) ^... _»’> jll - j 

•C 2 i C, I 

0 } 0 2 £4 AB Alrtfli ^jia .0 i^^irt ill Jl * \ 


4-JL^.aJI afr l. lJI jljyv 260 
















OVjuxsH 1 axi^\ 3 viV>Jo\ 



: UJb ^ XjLu JulU \om3 jA-C JL>- 

i«U;a» ll .‘iLn.Vmll * ' 
. ^ ~n < A j t ^ A 1 j j L* ilf* I 1 " y A j »", i • 

.j^uaJl jjaSu ,JlC. LajaC Jaju • 
j$3fc4_!' ^yA <L) /OLA jjjj J^>.! i _ J lx £\ia3UijJ' A-u j^a]l t\ji \o«Jl t ~>. Jx. _Laju • 

■ ^Mt j »J ?y is~l} It 


3 jjLJ' «_jlj^SI lr>'>^f 

:^jL La <UjiuJl CjLaAsJI aLlai v j^a 



c\j j\ y~i a £\_j_j ^ub Aja \s>- 




F' 


cLjJL^a duti If 3^lfld <Vj J l s &a c\_j■) ;... A cLuiJX. cLu/Jul^ *-0 j 

iUJbfcA 

:0. iy.A ll XjLuJjlJl * _J 
. Alajic. 1 ij A 1 j-*. ^ ^ i. >i ^ ... ^ ^L) l^jtlx . A . ■» " '. • 

jyJLuzh Jx. La ^aX. Ji A -»"l * 


jLajjl * 

ijjLiJi tv».l. i'l 

SJlxIjuO jjyi j Jl>-' (a>7 Lc ^lr*v^LuJl Aju^uaJl ^laL>> ^Jlc v J-oju 9 

.^jUiJJ^Jl s£ t)l j£- 























U b, l-»ia ll JjLuJbtJl dJLLai 







Aj..Ih4 



AjJL3«a bjJULa AuiJuJl 

(a. i 114 <a_jJ*vIa) 


F 


F 


:^u_?^31 <£-’1_^uJl - 4- 2 

j\ i ^ i jjlud! ,y*\ j ^jiia i.i^Jl S j lj ~*! ll j ^'x. 4 - 1 ' G = 0 jO t Ig^km 4 m. If AitL^d \J 1 Am_LaJl 

.Ug i_» ; i ^a^aJt jjuoi j^SLi ' iA_ii jR 9 ^i lg 1 j** 

e«|R 2 -R,| 5 e<<R ( t e<<R,^= ivitij 


ci^> c^Uj-a- 5- 2 


a_Ls_L 4 Jl A_uJLaJl 

ibjju£3u» bj^uD ^jkajj 
Aj. I'll 4 

aJ-L~i. 1 i 4 bjfyus 0 lr>i~i 


li I . 4 A l\ AAAiLLtJl 

aJjlIxa ajiSk j 

Aj i)lfl4 bj§U3 | _ ? i=L3j 


^w 4 ,<liil^>| 4 \JL>* 

AuiJLlJl 

^jx. JLou (^iua aJL> 
Am.Lall 


4 i iLjj .XU aj I t 11 j 










<Amx)\ 1 oj><))\ ov^iiaH 3 i) 


4 -uil 3 fcJ .SjLyilij k<L)jd&lt OLu«JLaJ( ^ jJLi s flJ^~~~> * ' 

4jl> ^ <Liji) OluiJLxll ^JlSLu/l * s_j 

''tdJCLL&j l^ji 4<11, 1C j^XL) 4 flfllfcll Jca^^oxJl * _>- 

dxll 


^jAl^^. ^4l ■ /iL*% ilf l^jLl ^ »^Al Q') /}! \ 1 ^ lif . A \j n ll ."i\.... V^ll 

. tfULj-Sj ^ ^ ‘ A 

/llA ilf l^Al ^ *v 1 *i i \ . A"a i A j ^ji * L-v - ..^ jl ^ \_!4- l'if .A i a l l ."i l ■■■ t*l l 

.^JLiJl 4 -l>- 4 nii~i ^yjl JcaxLS i _ T i > _)^ga- $Jl 4_)JbbO <UiiJLi)l 
: lJ A 4 Igji 4 till VC J^iuJ lgfljiil"tej . 1T«J ^yjl ia J joiJl 



4a- q *~—» ^la3 i fli^i'i jjLuai lg^ am (J3SL1 * 
lag lj,> 3 O* -IgjLga-j 

e=0 J 0 2 =i? J R 2 «o» 
e«|R 2 -R, >‘ll. i^~—> j e< luajij * 


2 ‘ V \y\ il l 

: 1 _ 7 Lj U_l 3 lln-Wll .Una ji g_n«i^-> t. i>-1 

- iUjJM . ~ )l.i u.IC. , - 1 -k 4 uIiLuiJLaJI _1 1 

.aJUL-u4 ■ ~'l... If aU-»j'»U -jj|^3«J| »jlj .~il..., l«l l J 2 

,ijjLjj» 4m.Ar ^yt 4-J. In4 iUuJLsj! J 3 

-O-Lx.1.4 4_uJlC 1 __yl> ^£4>^Jl OjJULt 4u>JLaJl _J 4 

.tXjjjLo 4 u i. Ivi IjJcu 3jOudJl 4-1115* 1 ' _J 3 

lg_ig>-j JLa-i (jic 4laaLJl 4jjl^lll 4-i_j ^iaJl <La^aeJl Jjuxj .4-i^jiil -IiLuJulII J 6 
• LJ 1 “ - 1 j^scil ^j-4 4lnfl i 4^a>* * 4 y -_>-li'l U*...U ^4 jjCi 









j-Xirt ai 2 .^Ofcu3 J 

iujjLa iUiiJLC ^Si 3 JI <UJbc 4 iUuJLaJt 3 A J-otuaJlj ; J 

2_Oti*3 J ("> J . J 




■ l l a \ a '(j 1 ^j'■ ■) <> >_3l^3«Jl ^jlj ,~il... i»ll " i»'i • 

.( j) t (_>-) . (wj) kllLuJjJl ^£3 ijjj ( rt«->fl ll 
,~ilU>U>->./' Il a .\A ' A^U* '._«) i dlA il»l l «jlj .~>t... if VV\« ■ a ll,-'l... i»ll Lai • 

.(^b).( j) .(i) oL^julIi .(^j.flLi .41 

■ OjjSLaJl JUjuLoiLi .3 jJlU3 Ifl’i.il a£t> S_U y>- 3cl^iJ jl.ifln'j -La>-i _£-j j!JL>- jlj 
jX. lg~i, l»jl GLa tLi.)lfla IgliVi l^jSJ .AjLlSUI j\ S~t ^Lc J a x~> 3 j%SLll Jli 

.i^ju-< 3 jijjj L^JuSL) .aJ.llxa ajUSJi . ~n* in->i 

Igjjjui ula ' (j ■'v» ii a ^ ii~.<'i jy&L j Jx. Jai~i 5i^iSLlla .^yujua L Vi==> :Jl*»I Jla 

■ l^.iua ><Li jlaa djliSUl >,~i,-» i n->i .3 Ju^oJl 

?>_ji3^0 ^yLc U^ji 

a^i 


.aLijj^a <UiiJLC jj! < _ J £3 . 3 JI «Li JL 3 ta tXuJX. - _yi> 3 jjSLaJl 

I iu nnl .3Ju_^3«Ji ^c. LiiU-iiji ijla <jJ.Li.».ag 5— 1 aulISUl J>j_i . 3 .Vil^—> lj! 

^ Ij'aa A-U^aj 3 ^ ■ *■—"»' jVa'i ,<ULiSL!l jj ^ 

.wji 3^3 jjlc. jj! 


d_ ! JLj)-_flJI A g I « I I jl\/V 164 
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-o 


i o 
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3 
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;§• 


••iujljjl CjIjLlxII $L»\j jJAiSuiJl 

L^ji Q, ' i ° i <^j_j .j,/-*\\ c\ij_ 3 ^Jl ulil j OLujJLaJl 

l^ji IgjJj d-j-j ^aJl <Ui Jjejt aU-»_iUll . 'Alj-»-U ,-ilS .~tl,„. '-»1l 






uUM 

l^ji y Q i ^ 1 ^j I) dt uA jJ| Jlilj ^IjLuijLaJt 

Igji J jfl I~°l IgjJt a Jjl ^Jl iUiJpeJl dU%jUU Jal ^stll kill j kliLu JiaJl 


6 «— 


“3 

J 

o 


Uuoj^ C 2 j C. La j jLaliju LaLlLL# <u Jc«» iUu»ic. 

(JjMj) IjLJ^b IcLsLlu jvlu- 4 .(^^jSLujJl) ' I J 1 JiJl j^jJl C-(R 2 ) 2 (i^j) ' A u.. 1 y ' ^ ^ 

C.jM^ A a_i a~... a 'I 2i kUall ^jl^j CjMj d a _i fl~un <1 It AiLaiJl JjLstj .30° J J j a 

jaJL>4 !' ^ 111^4 ll (_j 4 hm IjLa • i _J 1 



( A 


1 (Z\ ) ^jjtLuuIl Jj_4J IjLa * k_l 


?0 ril^flill ^Ul 4 J IjU* ^>- 
AjLiiifl —■ ^J~i o "i IjLa * J 

$m 2 i 2 .m 1 m 2 .i 1 m 1 

^jlc. ijLaSuV! ^IDl kjjjliJl »l->~i i j 2 


m i il b n-1,65 £l>-jJl jLiSLil <Lu^a (j! jLiiclj^ kC^ aj£=3jj» joulSDl 


r^C^MjO r 2 jUSLiVi iu^ij jl> • 


.<Aj^I j Q~i i'iiill • i_i 

• 4 l l A ^uju Jl k _ ? ALa ^J-Li Oj^ • _> 


Q^-L — I^-L rA.lll ill d4\l«1l ,-■ i~li J 3 


oc. 


I_ 6 5. 



























Jx)l 

<CUJL3fc4 <Uu JL£. ^b ^J^kXkaJi jloliljj ^u±J*Jl J 

JJ^1\ J^n'tj 4j^l ( ^_yLU Lxi ^ l ) ^yxuxj^jl J^>r4.)' ^b . ( ^ ) ]l 

C a jC, 

t H ^lealiu " *f ij f ^ -»■ l»n _C^^ 1 1> ■ i^tl t 0 

.<UmJl3U i _ ? L>-IJlJ' jitaji]\ £a ^j* u aj jji 

Jjl^Jl f IsjUl :J ; M ; ^IxuJl J 

i a it fcUiiill 3 A :/ 1 ^2 
jjLJl :M 2 I 2 £\juUl 

fj I_SLjjit Ajolj jL>_ • ±1 _ 

(Cj) j^‘—> v w4 ^jjl ^ISJi ^Jlc i^J v _yjLJl ^jljaji *lr ~^1 


sin r = n 2 sm r 2 


n 1 = n 2 = l,65. i =30° 1 n^l-.L ujJ 

. „ . sz/ijO 

sin r =0,303 . sinr : =--. lSin30=l, 65 T, :-lT>-.i^ ^ wa^a-i 

1,65 


r,=17,6• 


:jj! 

I j j ayJl <\j j A4 .jl 3 Jbol • wJ 

j ijUjji.nia C^/VfjO ^ CjMjO o^s C 2 iVf 2 C’ 1 JW J ji l*j 


r=r=17,6' 


(C„) &joiilSJl .jLuSj’MJ ^jwJ 1 ^j^jljflji JuJl> ^4 ^*Lei 10 


n sin r 2 = n 3 sm i 2 


smi 2 =- 


l,65sin(17,6) 


n 3 ZZn t ^ =1 ' j^* 2 


. sini 2 =- 


nsinr , 


ijj! 


i 2 =30° 


:oj! . sz'n i 2 =0,5 -.aju»$ 

* 3 *, JW • .> 

fcUml) bj '54 £ji«j M ? / 2 £la*iJl jjl ^yJu \jjby . Z 2 3 1^=30° ,jl i!x>-^Lj 

■ w 


4 a iLj^ H pO-LtJl jlj *j 












C/WuM 1 oj>^\ dxS^jicJV 3 ^ 


jjLjJi ^\jluJi ^j\j 3 .0 i j *~~—> j a 0*^ 3 W L>-ju ^ud **■ La—i Jl^=> ♦ 

. £tsuLl) bjl3-4 <UmJjl11 ^4 Tjjxj 
^IxuAJ JlJLLot Jj^SLj jjLJi ^LsuiJt ^)i 1 jl gf LuUa .cULa3j ^Lui-laJ' * 

^i ILaju^j ^ ^jJLjJLj^ 0 jL4-]t 

.iviMaJl jLu' JSI 3 

o' U^=> qCu j L ti.a r 2 3 r ; La$J) o^fc 1 ' 1 "’ 14 C 2 OM 2 3 C ; 0 M ( o ^ 1 ' ** ' ' o! 

(JJjjl $ju»C 2 M 2 j CjMj JAa ifl ^in o l l 


C 2 M 2 =R 2 3 C 1 M=R 1 


CO C,M. 
_*_— 1 •* 


C ? 0 C,M, 

■ Kji)llr>< ll c\_a%LaJl ^^3 


rt-il'i*—> 0^ a j _o! 


c 1 o_r l 

Rn 


C,0 


O-i! 


4ilr~>flll jjjuA Mj -4 4_ij'lri« ll Ai^aJ' jia lj jyiC.1.3 .4 a_i fl’m. a ll ^Irtiall Ajyot!' ,n_ifl'b _L>ij ,«J 

, 0 C 0 0 

_ 7 

ljj' 3 ^ 4LjJl^.4 - 4-J 3 " l I n 4 4 j*v l^ j 4 ill, y^3 1111 4 1' 4^-^Jl ^ylii. -J ■ .~t ^Ls j Irl flmj 

. fluVi .^jin j i^Jl J. J.s-L > 'l \jbj3%4 ^y&l t 5CTTl -11 1 ^yjl^ .l^-i-4 I 4Uia ill ^ J1 1' 

.(1 JSLLJi) 5 cm R= 3 cm 

Yl^—luyS jLaaSLj 1 dJujJ) jyJ-XJ 

M . =1 jLuSLj} 

5 (0) 3 (C) jUl^lLili JJuaj liU • i «j 1 

1 I^JLuJLi 1 JS^J. J _UL’ • sJ 

^ ^ULjl3j £ Jufc jyJjLi v< J^b . I—00 JjLxll s/ _ 4<n*>»' • —>- 

Jx. foJkaljj! JJU • J 
.jLuSLj^U ^LUl ^j^Jlij! ( Juc UUlc.' j 2 
tli ^IjUaJl) 4 «.u..lJLli ^\X. -L3UJ' .y-s-\\\ ^\jLuaJ| j\mA ^jJ-4 * ! 

. i\»j. ( . ), 1 *> a J' jlSJ' niaiiJl (-cinLxJl v> JJu3 * w_J 



[\ 


1 JSLiJi C ^ 

t/°' 






















. jjLJl 1 - ^Lc ^_i_j • _>- 

. I' ^IjLujJl ‘ 1 J ' ' ^5 JlJl D j1Jl2L4 ._Lujjvi • I _j 3 

■ <\<I). itll £_ jj . Vii.lic JJl>- * o 

. AiuJLsU jjLJl ^LiiuJl Alaiflj jP _) Llj^4j Ij) _) 4 

:AjJljJl ^4 ollrull daialLi a_ijl3j OF' , In ill 



2 JSLUl 

ryv^J —/ 

F l 

0 * c 


0F'=- 


n-1 


£buUt j^iii 4 ^ 1 —*' .tflAjluJl JGIj-lL! IjLuLwul Ij 3 


,<uk- JjJi 

■ *~~—’ j a ll ,U» . J , *|_|1>.1 l$J cdjl4-4 dxvJLC >2 JS^ll 4l~i 4 4 ll iUiiJLsJL) I ■ <1—til _l 6 

.L 4 I 4 J lx<jJ (0) ill 

<0il4j (jj 'in i, U . l l ^j.43fc4 ,j^) jjlxll £L*iiiJl 1^x4 £jj*j F' ill JJl>- • I 

■ OF' 3 OF ^jjU* <_j 


J 3 J 1 

.wj. U 4 , ,ll iSjjS .ll <U>- jjl jj* Jjxj (C) • ' ■! 

- £4 cUiiJLxl! 0 i>-ljJ' ^LajaJl ^Laliu AkuLi J^uij :( 0) djcai-jl 

y==> Ji jj> 

■ _q 11 JSL^Ji djLc) * «j 

^ s r ^^fc j 1 g\ u <. i . ii < dJi^b .e=OD =l,5cm jo«_> * 

R fUi (e) JUa! s ^SL*j ^3 .R=3cm j$jl> 

<Uit.4 ,ll ^iiL ^JLX4J 

)l ^Ic, JN <y _■ fl ~| - - ■ e\ \ \ ^bq 

^If^mll jOAiSLl^Jt cUiiJu ^aiJLxlt j\X J3LJ| ^ubJl ^LsLujJ' ll Jj 

.jLllSjVJ ^11)1 j^jLaJl at"<,<<I j r jLu£L)^l 4j s i >(^jnn 4 ll 


AjLl^aiiJI |A^LlJI 



















n 1 sm i = n 2 sin r 


N , 

f\ 

.j 



c d 

b 

r o' 


jut ~i 1 1 n i 1 

jy£. . ^ fl t \ j„S i 4 It ^IjLuiJl n^ = l f S 

i = 0° 
lxsinO 


smr=- 


1,6 


sinr- 


n A sim 


r = O' 


■.Aiaj sinr=0 


O-M 

0*1 


(Jjl 03^ J$£- • ‘■J ,_yju IJLA^ ,<Laj. W o jluiSLj^fl 

(^JSLlJ' ’i) - t i.\~> 4 1' ^4 J 4 l l l j . j.,S. 11 

■*Sij- S«J’ jlsa—J' Lj i-C ,-aialjJl • —j 

^!t> iJ jJaUJl ^LxuJl la $2uu dlai-u ,(C) \£$jS^\ <*->5JI j ~~— 1 j a l 5-D' o! 

(^LSLlJ' ,i). t 4 . 1 ' 

: T* tiii’V 

^ 1 ... ~i U 1 Y* _jJl3til ^£jj£]\ ^"i 'I Bj± uSj .J iUaijJl > _ Jr Lc lr*> am j \£ JlII jiiSljJl ^LxwJl 

r" >_jL j±b>- ,^>SLaj ^jLuJI JlfljLXijjU .CJ j^laLill 


n ' sin i' = n' 2 sin r' 


£b->JikL^ Ja-U JJ^U n\ = n v = 1,6 -.La 


CBJ i ~ i,L~> 4 ll v _y> 'fl ■.,.-> ’, i' j a j cU^lj lsia-Mj jJSLuJl ry> >‘ll, 

15 . ., CB 01 

: cLusa sini '=—— = 0,5 ‘ sin/ — —— — ~~ :LuJd 

3 


i' = 30' 
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CJ R 

j j t.-; , JF'jjUi£UiiJi n' 2 =n A = l 


, n v smi 
sinr =- 


: jj! el^l l^n.a 


1^ = 53,13° 


. , 1,6x0,5 

sinr - -:o J ! 


=*j eu -03 sm r' = 0,8 


D M _- .' . • _i ■ 

ialillL 'J a J^i 0jy»4 ^_J 4 < *~-> ^ l^*l)l a ^111, VtII ^jO yOt-1 ,-qJ 
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. D = 23,13° 0 j! 
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OF' = 5cm =ji! 
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. J.aL>. ^3*^ ^ub Aj^Jclo tfUojJLC * 
.^4l>» v 35 ^ ® 
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Jl J .~I i.Vi £1 1 
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. *s £_cLnJLj : 1 T S^axiLuiJl JlC : 1 

. <LxilujJl ^/vJL-jL-J : 2T ^JuJl> 6\JL4j-uJ' bj^uD ^Lc <**!">■ 1 v..flji£rT> :2 c j* 

1 < 

, t . * " 
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^ jJZLA Aujjx JlC tfLuiLuf ^jJlC, Dj^i/1 ^JoJu IajIJ ^ySL^_J ^liJb 

:2 i^UxLJ V 

. ^Ux/JbuJl ^w4 4,1,4util Lt3tjjJu * 
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. L>- 3^3 ^-**--7)1 (jJ jLoSLIL) 
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C-liiS Jl « 3 O-Vill j^l K \M ^2R_l) . \ \ yg \\l — 2 

>i ^s>l 1--2 

. JjliuJl ( 1) JSLUl JaUJ y 

JLjlC &J$ j >ii I ' *'■ v : 1 ^Jdd 
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^ i ll ljU : 

- ^UuJjlU F' ■ 2t 
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unu Sy '"' ‘'' jcVjjl^ll <rt-jLj^-u3Jl AjlJjIsI 
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. I^JlS 3jjLJi <\JLU(MJ tUuJ^J .ll duM. itll ^LuiijJlj ^ J a J ** 1 ^ A3U : F 

l^j_3 ^CLILj SjjLJl <\,*.iu JI.Ai.4l : 3 ■ V 4 1' *Ujj JLaJJ ^uuJJlj a j. 4 A ^ 1 J :F 
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cAj^ju 
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p P' “ /’ 

djj^lijl yti-! 

:-l 0 ^>t~i CjLuJjJ) j JjJUlll dJiVc. J 1 

l'l i ..'i'll 

OA OA OF' 

M 7 + F =7 

y.°* <^> 

P 

Y =— 

:,-A fUA^lli 4-3 ^-Lc ±1 2 

m " y-~~ 0 ) 

OF 

P 

p 

C=/M 

C=i 

/ 

( 1 ) -.^^b .—UjiuJl d^Mt «J 3 


0*3 (-?*•) *■ (0 -=12 M.(i)-il 


4 


. P = -P 7 


: lt OjJl>- ^iiiTfll jyjiJU .>~|W~1^I A3ta3fcusi)l d_)l>-^'l J^>-\ 

. P 7 = f l P / <f < P / > f:OV* P >f 0^= 'j! Si 1 
p/^OO t p/=0 , P' = f : 0 li P = f 0 l£» I jt -| 2 
p=— * P = 2P 7 . P = P 7 , 0 yi y =1 o^'->!*3 










OJ/SUH iwuu j \ OdJ^JDJ \ /£» V'iA) \ J UVXJ0\ 




'«*••-> wUj »~> i Vig P > f i^Ll ’ * f .jL== J ! ^ 

:uLJ jlL! JjJUiJl Me. W 1 al~l.il I 


(*)••• 


p^ p 


f-p 


- + - = - i = l-i 

■ JJ! P + P~/ • F / p 


P* = 


/.aP a/ 2 a/ 


a/-/ /fa-i; a-1 
.(*) 


( _J_>- P ) P > 0 ojjb jy I*j 

CL > 1 P = CL f :£~aj jjl ^SLaj P > f :(ji Laj 

: JL=«Jl 3 (•) 43 MaJ' ,j j ^3 



(o'] 

P'= 

-7)/ 


la-lj 


a 


P’ > f : jL3*j 4i«a , ^ 4 (X > 1 -. /;1 Laj 

-'— ^ 0.-1 


P‘-$ 00 >j\3 P = f j^=> ij} u - 

JjLJI Ji^Ji (*) 43Mx!l ^v-J . V j fl ' i**. i _ji ^vSLaj 


P‘-> 00 


o4. r=LL=LL=lL^ 


p-f /-/ 0 


-P' 


y = - 43Me. iji (a Ii'i P — P t(jlis , 1 jli=3 lj! ^ 3 

P 


P = P‘ 


-P' 


:4_La j 1= ■ ljliS y = 1 rtJLa- Jg 
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.4l*1_illll 4 111 . Vlllj 4 jCLj 3 jjl 4 jjiJL»)I w T’-J 3 1 —I 1 
GAUSS (4JIjl]I l llll> cVjwsI^ 0 J^x<3 ^jyLC J^IrTitll JJl>- _l 2 



JaJ\ 


•.4'o_iliJlj 44J.VJ 1 ^-J ja)> 1) 1 


m 



























L^-Lp-j OS^ri ^ hun 1g\J^SLa ^j'» j <Ajua->- d_u»JLaJl ji ^^1 jl 4 ^b 1 ^^—■ 

3^ U£=n J^jJbta 3S ^jjjlZw J^3j^=> flint glass (Jl^j^ajl £l^.j (Jl^ 

.JjUJi JSLlJi ^ ^-ub 

.(R 2 )$& ^>-^1 ^SjjSU 1 ^laa > .(i?j) 3 A AJV 3 J 1 ^laa ■ 

fi — 0j0 2 4 Nil \ lli . ‘ LI ^)i 1*1 - 

^j-4 jJtual Luaji3-R 2 3^i L>^ Ji-^ 1 (fi) kllAiUl 03^J O' ‘-H r V iluiJLaJl j>2aj (jSU - 

e >> R 2 $e >> R } l^i~^ 2 1 

. Alr^ilf jy jjlZj VlJ> clU j ^I . 6? <<! R 7 — i^21 

^-u^lC .-i i kt^ ^-ub 1 ^ JIjl>» ^UjL J Llo o “J 

yd^JL j-Lj jju i^^Ucaj-ui L>u*b'^ <U^Jul) 1 Jcaju ^b->- 

^xu^Jl ^j-a d-abLjoJl JalT) aUuJutJl ji < _ J jjL±j) jLxj^I jyJLua (*uuDcl\ jJ^SL j jl - 1 

.(5jOLuD LjI jjJ 

$i ^uJlxU j ^Sjj^i j ,ll IjlSI^ ^ii> ll ^j^SLj - 2 


6 


1 

:<\JjJLA ^Ujj.JlC. jjJlC ^Lzl^LUI *LjU^ ubJl dJLaiSfl juti^ Jl 4 ^"">! 

. AjjjLoJt ^Llx 

.<iUj.fl 4 ll 

.JLpdl JLa-Jl^ L 

> 

1 -> — 

Jbtil ^jylc cUa^ltuJl 33^3! 13 1 11 nh 

iuJjtll <jljjLJl 5 3 4 (jLj^ibJt 

.jUiuSUl 7 3 6 jj^c-ljuiJl j 

& ll JLa-dl t ~~—■ JJl'v ^LJU 

i 

' 3 

y v' 

l jyu±A j 4 < ~T)i • • 

Ch?* L>^ # ^ 

uo 4 ^4*—r>i * _>* 

_j • J 

5cm 

/ Tl * K 

f 

> 

F ' 

> 

— ^- 4 

f 


dU L^dJ I ^ ^ I j lj 


















C w<o \\amo \ojc^rq 


<_U1I 

i 3 a 2 a 1 A_L>4—a. 1 ' *«xwi'i ^,..,4 J' • I 

iUuJLaJl ,_^Lc lmfluij laJLLc. ijJ . (* S-j '^.■'' jyx-ft'J 1 i ^ ■" J=- 

•(F ) i u ‘ “J 1 >1' tj}O'® 

.aJ4^1 jjjj .Jaijjtji ^£\ a 1 1 1<->j V ijJ ( 0 ) tSjjs *.Ji o-® : 2 _3-taJi - j_ 1 

» AauJLx]! ^yLc lrafliiA -1 LoJLljlS .(F) jil u^xuxJt 0 y otll j*a : 

.(X OX) ^Jtn J J* J ‘ ^ 

(F) 0 >® JU^aLi j^! ^^ 4 <ajJl Ujl^a .Am, 'til O'® ^ >j- i ! ji-'—a 1, • * — 

.( 3 (JJi-4 UUj) 

( X'OX) <LuiJLi)l jJSfcl bj'^a »_s^ JUisalA . (F ) ^LlssJI O'® jAJ 1 —JO - jlJJI 

.( 1 £buljl ^Jj^a LoLaj) AJa j~a... i _J_^3 

j33»aD 0^3'S'® UA Vi |jl ^IclxuJl JIJlA : J 6 Ofi—I 4-JJ' J^ilLxJJl a • ^ 

-. AjJUJl A flj^ 1 ~i 1 1 a j±iuJ> Jla*—> VaS I jJj ( O) O'® (F) 0-® 'i'a JQ Jl 

: AjJljJl -~il^U>-^'| ^ . ~ ’, . _ iJa. - j_ 

AF A ■' 3^5 F O -* 3 ^4_) a A*w »k i ll J' 3 a ^ _> fl*i in o ^"4-fcu^j : 1 

.(^LiikJl aII ^j4*t ij Ir-i-irll Ijjfc jl J^iftj) 

'jA ji i^li 1 (F) 3 A 3 0 -® .6 fctaiaU jij' 3 -° \ 4 _ 1 fl~nu a Uai- fQ-ujjj :2 a^lrviQl 

(4 jflj.ia ll ^a ^lalflxjA (* ox ill lAj^t 'jjlja U> «..,_■ 1 « r,f Ut^'i 

.(Jb) aUV.II j AF / A / 

i.\a ji .^U’i (O) jj* ^ a .'3 .6 ^liJill Uajl Uj'^a U/a'i.^ia UaJ>- (^ui j .j :3 a^LaaJl 

AF A «_■«' ^a rtji Jcaa>.Vjj 4-uLuaj ^ 4.». till ^_,lc U>a...j LaJUC 

.UJaji (H) aU» ll 

. (js ) <vlr->fl ill jJLA ji, in.l <UuJjl)I ^y» As>- »y>- JLie. 6 ^buuJl :4 a^laokJ* 




J 8 ^ 













JS... ,-«_u v o 6 ^JaJl ^ *—•' ^ A t i j 1' c\Jlj^J^J' ^.. a i i : —i ^ l a I.. 

.7 £1 jluJ\ Aij^ja _L»la 



.AJ ^JJjjl^a ^jji-buu JjLi / ^UhiII ^jl^a J^-l^ ^Um i ^vSLa-i •■ Alea^V-* * 

: f uJ .a.u?»)i -lauJi • j 


f- 7,5cm f= OF = 1,5 x 5 = 7,5cm ■. ji j^> ,< 1 —^Lia JUx^b 

f = 0F' = 1,5*5 = 7,5cm ; f = 7,5cm ■■ f' -ixJi 
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I&Jlxj 4 

1 

F 

j^ia aLoj _lc |»Lai x-<b . (/4B) u a_ia.> ,<^m _•>- bj jLi-JLi kxc.i U 1 

■.aUlUll O^i'bJl J U£> f 

i < 

.(JL>- IJL>- . Ua'i ^u>ll) <Ulflj^fLa Jg ^Jxj • i 

.(2f) ^_y» f£=> i Jjlj ^LC. jij (^iiiTall • i_l 

F .(2f) ^jLlu jlxj i _yic ^Joj ^ m^lt * _>- 


—fr 

•(f) J- Jlxj £jy ^m3»Jl • J 

•(f) ^>* (*“*^* • 3 

r 


■ *1 j ■ ^ ^ |D^ 1 X JI J 


















a)/a)j\ waxs)\o>u>j 3 oj><))\ rmqyxU / fa 19^11 3 


b \j^ud «)i (Lh pellicule) ^l^ji i^j^u 

• ^LkifljUL 

Ajt 1C ^4 (^uOfcJl yj ^5L) Jbu 1 yj. 

.^WuLgOcJl icu^fcoJl yj-4 

t y (j 

.TtjUgJl lf ^3 J 2 

Jl j j^*u3jj Aji («laj J 3 
► (Le negatif) 

4 *A fl «l.,»ll -**>Vl^l 1 1 A 1 i" .u 1 

Lm3l 4 5J ^u3 dJ ^fllrV) 




JaJI 


:( ) \ 9-a 1 ' —UJ *J ! 

(P ->00) ^ .. v_^ ; _j. Jta. • 

,(<Lilj}j VUl Jg £ij <,H > ) Aji JLAj .iUuJudl W w3 IJl> IJU*j £AJ y^jjl f*inT«ll j! 
.^ii am ll ^4 J O ^yjl AjLui ^Jb-4 I 4 L 4 -J . AJjl ^ ~ i,4 ^J^SLl jlSj AJl 4 J^yjl Ajulihfl ^)5l3 .^JLljL^S 
2Uj'>*5 c>-i4 OJjl^ll AjLiiihfl Jlu _|_i . tU.'i a'j ^ .IJl>- JljjljJI ,-s...»-*J 1 Jjfc jib A jlf a 

. A_uJla1! i _ i i jjl ^jUiLui^l C j 1 1> 



. F t _ T H j - 'x . l l ^j —ijliju Ajjl^oll Aa-bil ^jl ,«jLaj L aJ=>3 - 
.a_i njia~>- £\oj^ub Alaij £>i■'■ 5fl wijliij -— b' • 

. P — j . ll <ILl dill, V•»M 'JX. ■ >■» ■'■ j aL«£ 4 Lfc-Slaji^ ijijil. iuiaiaj Sj^uaJla _) j) 

(P > 2/) ^v-* /b==' Jlu jiu ^yuia*. aJUv *._j 

■ A-Lo ajj'^ Axlii t _p-4- J 5 " 'V 1 ^ a J o t -1 ,-^J j| .2^ Jj4 ^ *~—>' JlAj C.(AB) - P ,,,-» ■ 1 1 t,^'i 

. A-i^aa l l A 111 . I?ll Lag if. l^jSljaul A ‘ n * j 
















La-lie. >(AB) i ll JjjQ dJLuibft *i 

. (ft ) ill a\^o i 


bj^uD l^ji Sj^uaJi \£. 

L£— ^yLLL o .wjjLflJL) A*** Jjl! 







jLsu' »» i * '< IA«jLjljI^ ^ ' jla j ^ i<i i/i^. 


P = 2f = P -. iUuJjjI ^c. aJLxj (jt ■ ^ —’ 

f < P < 2f 2f j f Jra JlXJ < _ 7 iC. £Aj ^jftjflJ- 4JL> • J 



IAjUjIj <\j a ^ / A i<> i<i% .*>j ^i^ 1 1 
^Joj^ ^.ia^)l Jbul |^a —->i 

.P / >P Jbu 


j II ft-j 1 » II 






















cuuuM b>ii> 3 oj>^)\ ruiqy^U 


.P = /*ol fs 





.( Ajl^j Mil j JUu) ^ 'i .iUjl^La A_u_L*Jl ^ Ajuii'l ji 

.IJL>- b - •/—' lAjbui^ <U4^j lA jyJJu .Ajlgj Mil j Aij Ojj)i<^>lli3 

• P < f 4 ^ jji Jil Jju ^jLc. AJLi ^ a .d-- ,«_up» Alb- • ^ 

B’ 



C ., a i rt -w JSLlu 3 JL>*'3 aIcAAJ L J «~ t * V ^5' • . 1 J I n " 4 ^ tfU-u JLaJI i _Jr^ A^-jl^Jl tXjLmlj - ' 1a_>- li 

(B ) AJa2lJ| j "ll'l AjjLjJ' AjjTr |l lAjI 1'|4I Jji 
tji J^joj tjJ • 1 _ r «A 3 JiJ 31 V; I J-j w vSLj ,aJ Ajuiift tLfljJlj 

<4:4 4^ -11 jLxjI ^y» ^4*--—4l lAjlljij A! l'i|4j AjLA&3 0_) 

- M !| vj_i' jj 2 

-. 

£. (P) j«i ...-».'l JLXJ (J ^s_) <jl aIsujum Aj^lio A_<fljfl>- ^Lc L43J - 

P y f lo^aJl JiLx: AxuJLaJl 
P >2 f 'j! (A 4 *o*Jl ^v» j i I ^» i Aji jfl*»lt bj 3^aJ' UaJ _; 3SII1 - 

P = 2 f jl£= lj{ l <uio«Jt J^lca ^$3 Luj 1^3103 a la ifl->- bj$ua}\ J3SL) - 

189 i 















P < f 'j! ^ 1 J IgJ a riJ.A~i.x4j it,A4Jig 5jjj - 

Jl*j ^yLc. ^ 1 ) i> 7 axloJi jj«aJi S-y-“ *■ ■’ 3 ' J >- 3 | 3 -g o ^ 3 1 j! Mil j JLotJ 1 uj - 

AP = f 

.•s^otJ 1 jjuoi bj ili aJV (Lei pellicule) ^uL^o^ji j ^ ^j ^ a > - j 

(jjC. JLxjJI \.a.x^> ^yt j£=>\ Jlsli ^jLc (^aujJl 05^J P >2 f J 3 SL 1 ji -_iaj 

. 1 1l 4 J 1 


8 valill I 



AB ■A...>!l rtj jala • I j| 1 

• AB ^ ll : 1 <UL>- ^ * 

lx.'• ^ ■ * • - 1 JljCLoLS .kill ■ fl 1 ~>- ^_ 3 I 3 ' j^3 AB 1 1 :2 ^SLaJi AjIjv J • 

3 £i J j) .Ia^uJu jLclx*iJl (J-j-Jj .B 4.1r>0 ill j jljjjl l&A 3^2 jLjj^ubJl 

.,_jA 4>3 cIaoJ) 

■A B bj 4-ia-l 1 -i^ 1 * o 

3 3 2 3 1 cLxj^l OIAIJlaa} 4 ju\j l£j^ ■ <*_! 4^3 ^ B ij^uaJl : 1 t.ll t\J ^ • 

fl * c\j_uu^l ^)-C. »_i I3 


a ■ .1 J ■ ^ II I « II jlj 


























6j/ai>\ cuavsM cx>ijaj 3 ox><))\ 


A . a , a -fc. F Sj^uajl : 3 <01^* j • 

1 Jll j... !l i j*> a ..--il-^* , Ll Ari i ". ill u 2 

\S j-* - 1 0 . g\ < a ifri 3 ySLi F i‘“ J 1 It It ^ i.i ~*Jl 1 ■ ■ ~> j '_i * 

. tA uj, 1* ll — »lL>- 


<LtaA 3 5 j J - ^ •*- 


Ajjill <Uu JLsJi Jjj^la __ul 


lubui jJflJ a , n , n->. bjfyua l _ J ]c3LJU AjUi ■ (<Uu..l,1 ll . fll~>- ^31^) IgJlO — 1 lj| * 

.cLu^JLaJl 


) _ J ita.»j <V_u_L*J' ^jjia v j£ 

3j jirfi ^ ^ <^--- *>- 

i f t _ r 3.ii ill. Hu ->'i ^uiLuoJLi • I ■! 3 

^Uiji J> . 1 cm Jjlij JSLjJi j-4 0,1cm 0,1 

.^,fl.j.a>- ..il« >4=> 10cm 0 i->ij 1cm 
:jj! OF “> 2cm :JL^ ^LiJLl = 1 JSLJ' aJU ^ • 

:jj! OF 2,1cm :■ llr 1 jflILl :2 ^SLiiJl ilJL>* j • 


f= 20cm 
f = 21cm 


21cm 

8cm 

6cm 

15 cm 


A'B' 
y ~ AB 

2,625cm 
0,4 cm 


: jykSLJl l£ * «J 

:LuJl1 a2u^IaJi 

: 1 JSLl U iu-^JL • 

:2 -31 4.JLj • 


:LlJwL) : ^ 1 11 j 11 A. a i 


Sj^uaJ^ o*^ (*) P — -34cm *. 1 ll < V —■* * l b • 

l «iuiL>» (+)P = -12,8cm 

■ * -(-34) 

•l^3^ a^. j.fl 1i ^jjjd Lu^jdj Y = — 2,65cm 


.JLaJtO^( + )djUVl P’ = +12,8cm ,2 JS^AJ iu—Jl* • 
P =-12,8cm 

3^ ‘Uu^^caJLi itU^uinal I ^uiL> Lu jjli y =_33Zi —z 2,65cm 

-29,9 

















9 t-Ltyaiill 


( 3Ocm )jlxj j .^,.11 1 ijJi Sj «-> 1 1 1 j 33 * 1 ' Ci3* • ( 2cm ) Acliuji (AB) -<u..>- u 1 

.^ — lOCTTl tfLj jjOlA A h>. \C ^va 

.in, till \£- ^>K...~ a 'l JfcS. 

■i i'nii»'U * u_i .jL-JLi * i 

JLidl . i u ■ a ( 8cm) JLau > _ y Lc. a "a. . ' •» 'I ^Lai II 2 

. i • v_j .(jbuJLl * i : JuJL>- JjjJ 

Jxil 



.JiLuJi ^ jSj^LbJf ai.ii 

t^i JLxj ^wLjuclo ^J1 <111 ..ilj j 4 A 8 —) 0,5cm , w i ^ ..I i a l\ _ j 

A'B’ = lcm * A'B' = 2*0,5 


,(p') 4UmJL9l)I Dj 3 -caJ' -Lxj • 

wu i Slj jJt ^Liba JUjlI^Lj P ^ 1,5 cni jpt-i 
. P' = 15cm < ^ =1,5*10 

- i> ■■■^)l ‘ ■ _ 

111 

Liui>- IJlJuLal p+~ —~ tliLuJuil li'tll aiaVlc J.ai'un i 



- il -j - a H p$Sa II alj 




















cmxsU o>vjm 3 


i A'B' —> 5cm Ji=*j ^biJL) • 

A'B' = 10 cm , A'B' = 5x2. . 

A'B' = 10cm ! CP! 


P —^ 4cm ■.wLx_j ^uLilb t 4ii». i»lt j»c P jju * 


|P| = 40cm -i?«j ^bia JUi imLi 

—ll.-t-x'b * _J 

111 _■ 

• p^~ p, — :«llLuJLal] JaI > .i* I 

■ f — + 10cm : ,ji .iLt^-^a AajlS -L>-L (f) JbuJl iUijJiaJl ,jl Iaj * 

tU> rt.*- > 3 -1 l>-Lj (p) ^bj Am- l aJl ^yC. Juu .jUS _,i a 'A - * - (4‘!) ji I.' , . 

'jA JjJuUl J (P = + 8cm) 


1 + J I__ 2 


1 1 8-10 1 -2 


+ 8 P' +10 ’ P' 10 8 80 ' P' 80 


1-1 
P'~ 40 


P' = -40cm 


_(_ 40 )_ 
8 


= +5> 


y=+5 


. 4.,uA ^ 3j A-JLoj *Lq-x 3 (p')j ji 

P } 

: „L> -l-3 » Y — — l I Ji v3 =Y 3jviUl ■ 


Y=- 


-A'B' 

AB 


.(wj^ L q* jvC.) Y ji la-) 

: 1 _uJl 1 , (A B ) JLpfcJl J3I0 JJJUtll - 


A'B' = -y.AB 


. A'B' = -5x2 = -10 


\A'B'\ = 10cm 
















1 

JUil jliJl £ j ❖ 


40 W>\ 

l&iy<£>o<) b\Jo\ □ 


OdjVsil oM <| oA)a\ oxto turn) 

'SjlaJJ A Jji’btil ^jiLa : jy* 

( - 1 A~a _i~i jil) ^ jV-J-1' .iLjjlsJl .cUjluJl .A < lu-tll : ^3 Aji Jji 







- 1 - 

( JjLLj^-rtJ^ -oljj-ll )cLoL<.a.;i£.)' —Ujo . flj*-—I : ^ytt 

iJ^LLLa 03^ AlaLuJl dJbeJl 3 Ajj' fl"< a tLoli^.j.'v.ll _sljJaifl J3S0 -.4 <li^*>|l AJb«Jl jj :£ 

.(2 ^ a_■ ' jjl) JliljjJl jLsuL rtjjlia IJL» 0 _UlL*JlJ j^SoJi .aUjliJl cUbeJl j Lai 



ft 


__L o 


k-tfC#i 

'•» »* \+!i 

KjS]-?re ) 

JJL. 


;U- 


-2-a 


Jielie 


IdvoliSj j\c ,klR*2 —2 

— 1 —2 

^ d^jlj aLol^iiiC iUL>- JLiUo^j* ^j-a s-oJjJ-a jlill • 

lg■■■ a ' JjLjljJjcJI jLxjLi aCijlia i ^c. 3_l£.l_o_a jlaJl CiLjo^>- * 

. aLoUJl jLLa i’l Cjlxa ^Laao J3 Jl>- jlitJl oLuj_>- A£.jjm • 

<LLiLa ( _ J £3 «La3 03^ ^ jJ' cLcaiJl ^JSLi jj»-b ^ jlill CjUu• 


d-oLj > <a II jO^-LiJI jlj 























»^Vi)b\ 1 oi><)U VftjV<£>09 oA\>\ 4 viV>JoV 


.(Ig^li ^y£- JLC.LljU (ji ^vSLa-i LliUu^peJlja) 

. ( ' r_y» wjjiij Jji (j2LoJ .~)1 I.j jjfcHS) U.' + .^AII ivijla l^jl ' ' —' * 




HN 

• -• i 




n 


V .• 




sill 




;**• aJI^- jj, i*> • c^Lo -4 ^Jji3J1 3^ f* jLflJi j^iSLii j! 

a a jxC. jj»\ i_1l*3 'LxtJ^ y>- A3jJt-4 .. i'lr>'i_) .j»U ^JSLoj .jlill , a^j j! 

(jlill _jU_i^j>- l j-o cUl!34) <UjU a 1 a->- d^LuLcb .Ljj ay==La jliJi ,,nu3j J! JU-xj I jJ 
. jlill aJL>- I4U lIi jjju >0ijoij laK’^ .jlill <0L> JJ*j ^yjl iUjLjyaiJl ^jjUloJI J.-H 1,1 j-caJu 

yjjliuJl i-LiiJ 

: ( £ 3 I) T jlaJl 3 jly>. A»-jJ -* 1 

jljr> 4 ll j jlill yml j 4 1' ^yu\ 4 ~* llj .jlj^4 llj I^.«Ijl 3 <i—J 

.(K) ^j-flLSIl al ( C ) Aj3*1 4 ll A^jjJl SjljJfcJl bjk£*-j * 

(V) jlill (V*^ 11 

. jli)l <Uj 3 Jljjl cliifl 3A 

.(m 3 ) 3 ! (L) >Ui ^ ojl »3 * 

:( n) jli!l S-lL# 4 _l 43 == *1 

. jlill klaV34 JJLC JJLsej^ 

<jjj ^_wa ajjla^i jjac. l _ j Lc. S 3 ~»'T»j (mol 1) —> 

:(P) jlkJ 1 lr*»ini *1 
AjJlyaJl 5 j flflll ^ aUatljJ 3^3 


ImoZ—► 6.10 23 



11 } \ 


d Ac iUtiiialj F iUacLta 33AJ ^liu clj^fl .( 5 ) ^clr~>mll 
. P llfkiu^ jlill ji J 34 U .jlill j£. 2 ts*jlj 


.jlill \£& 3 »_l ^5_lll cU>'l ^4 





















\ \ a\-^C' \ iJ^\ \ Q j a l l A i.n i m \ Iskju^aJi 

P = — :0jLlx1Lj ^ !->■»_) 

(N) ^p^AjJU : F 

(TY1?) yuUL) : S 

(Pa) JlSLuiLJb ^LZlj :P 

CjUl>- 5 J 1 aU> j : kuL^Ji a_L >3 • 

(Pa) JlSLuibJLl LajuAjl ^ya liu 


LaiuaaJl ^LuaJ ±£j->- ] OlJL >-j La 3 jLc 

lbar = 10 5 Pa ■.( bar) jLJi - 

latm = 1,0123 .10 5 Pa ■. atm L^ 3 ?*Ji kkib*]t J •. - 

latm = 76cm Hg ■. - 

LJ LibUuJl L-»4 ,>.Ii ^uLuia : 0 4 ii>j jlg=*j ^Ulj jLxil La - i . u3 - 

I (^jlU>a ll ^Liw j 

j^fljLJl (.am 1 jlgsej ) >u12lj el^gjl l aa .^ o - 

// = 76 cm 

n , . —- 



^ l ‘ l ~ ^ ^ 11I 1 fl a 



: - 3 

ita^lioJl .^j^ill .JJlajJl) <Uol^>- L7 i£. 3jl^>- ij! J 

.( ... ^_■' 1 ' ll 

^ U^ji J j) a i A Aa0_,~,jIj-±. Ub». j j jCjl.,,~~' .3 juj juu «uLa .lag < n ^Loj ^ jUm> o^ 9 I j! -l 

oj'>> 


. ■! ^ II tall j|j 













1 ox>9l\ VfljV ^>09 oA)a\ 4 MiJb 


■ 3-i U 1' 4jl^ ^ jlc jOu 4j Li y-± ^ jlJULO ijljJfcll 4>-jJ 


z jfeil 1 _>'3 j o^vJl i_1$!orJI 4 

5 u^3 <Ub«J' 43 Me Jbcjj 17 (JjjJl JlL« J^bv 

Mariotte) (BOYLE 1662 )Jj$j i y>J£= a ^iJ\J*o£j 3 j.rii T . V. P 

(Charles 1778) ^ 3 .(1676 


T 4jjl4>-jJ ■ ~ < j ■ '■ ' 4*J%J«J 3^ V 3 P ItTkii/lll Me 

• w L/ * JL 1 v-' ' eL 1 “■ 1 “ 

:k>Ui_> Si 1 Si 1 Si 4 

. T 5<L>- j J J-i .y i i jlilV a P _£o 4iMc Jbx-i 1 4_La ,_3.i^Jl • 
• (T) jliJl Ojl^»- 4>-j.} (_}*>• i_r^- J 4 * i j if'$£Jl ^ 3 -* (n) 4 ij> Moj * 


(Ja^33«j ^yjl > jliU V 4 nll^-a j> -W J^-i ^ a P jliJl IniuS (J^Uu .Wiiu^ll ^Luba tlbtml^J ★ 



P (Pa) 

0,5.10 s 

1,0.10 s 

1,438.10 s 

2,0.10 s 

V (m 3 ) 

100.10 6 

S0.10 6 

33.10 6 

25.10 6 

P.V 

5 

5 

5=4,7 

5 


4j jl j>- 4>-jJ^ i jliJl ( M) 4 x a £ )lj (CtC) duLUl jlJLia 3 


?^. ~i i im~l IjU :^_v» 


P V = P V =.= Cte 

f l r l f 2 V 2 . LtC 


PV = Cte o' jbUiOl : £ 

.T 

:. 1*^1 Lubjl a 


O$jlii' __»a_- si 2 si 1 si 4 


jliJl I rki i ^ cIJl>- jJ^ab>- iJ^SLj . 4 jjla T A»-jJ -liC .3 .jit ^ n *j ■»<”' _Oij ^J^-l 

. PV — Cte : UjIj IjluiaV A«3» 35 P 


197 




























i p _ | oW si 3 a 1 al 4 

aIjuj <=■ _■ >i'■■■■ jU-v ji Jex>-Vlj 

JSL^Jl ^yA tfdJ j\jL4 »ULjl1I Jjb J 

O® '-IA3 4 


•c, fl ~ ,, ■ a \\ ^JL4 Cl «^UL 


V ^4 LuSLc ^juiiLuLi P jlxll Iniuo 

PV=a— 

V 

PV=a=cte AiuLuJi 

PV -P V 

r l V l r 2 V 2 

:d_»lA Aia>. vt» / 

(al*^ Jj/aVi —j j^Jo3 3 j^jla la-uAlLi JjflVi a' rt_ifl_>fl-»ll ^liljliJl * 

.1 jJLUZ _J 1^3 

"Gaz par fait" jliJ'" la^jjU-^ j^j ^ jliJi * 

jlill i_iA 

(V) cL«_ j__1j(T) <s\j^l(Pi JuJ» iujAx. - 2 - 4 

: (Charles 1778 1 cJ^-lJ 

:JoLlu «J 1 a 2 fl 4 

rtall^a llojljjfcll .(t) Aj .y't 4 l 1 (P) Jbu! .. j...^. * 

.j\£ ^'ajoju* (T) 

t ^La j> Jjlia . ( 1 L) 4 ~ni» l _ r f>L>-j J9JL1 - 

.aJLj^o a 1 A i jS-A-j 

j P jliJl lf->iuo j^SLaj ‘ 

■ lr->ihi^ll ^yjLuLa Alr^ml^J J^lLJl 
t ( °C ) A^-jJ l _ja<LtS J^SLsj ' ^ 

(JSUJI) 



jjL^-aJI f 911II 

















jVs)\*>vi) 1 ojxjU VajV^>og oA)b\ 4 i)bJo\ 


: J3-£ • 


P(Pa) 

91200 

94600 

97400 

99800 

100600 

110200 

~WcT 

~W 

0 

8 

15 

~20\ 

45 



: JULUJI • 

.( 0°c) UuaJl i jfA JJ *j ^ . !>• ys £\1 j_o f»_ia~mi,a laS- 3 * ^jLuJl Jj 

.-lt-L>-j aJj 3 If—>1 JjLuLijttj^ 4 t—-273°C Aiouilj /yJ y*j ■ jn_. a*.... n ll jljLi.o 1 “J 

t = -273,15° c 

t — -273,15°c La. 1 i,l P— 0 Pci La-la-ia ’Luoj jlx!l '-■>»■>» ,jji i^>-''y_i 

?LoJlxJuj jlsJl L-yinS * 1 ^)! 

. A y j " 1 i l l ajlA ij-iij ijl ^ | ^ 

' t = -273,15 C Ay-j.jJl J! ^jjj ,_Jjb : lL y< 

• Ay-jjJl (J! ^ya iL)ys*j Jb y*y aj ^ : -,r 

Jb 14 ^! ^^SLaj ^ j! i3'^ a '' ^iutaJi 0 Am~i T = -273,15°c i>jiy«Ji Ay-jj * 

• A_iyyj 

OK — — - 273,15 c. T — OK _j yy ' i «.^' i * 
. KELVIN -J33U 1 a ».ii 1 w »fll < ~-> ^iitj : K 


■ Jju._'3jj«j 2 <u2«i4 

y = CIX *f Z? ya ,<v j 7i". ., -4 ^-V ^y 1 .. * 1 jjLuJl AjjljLa * 

P = at + b :ji 

(0 C) ®jly>- Ay- j J j P j^sta £-a '* ^JoUu aUin a , ,~ ■' 3*1 b : ■ ~. ■ -»- 

P = at + P 0 .0 j! b = P 0 : . P 0 >jJb Aj >yj OJ 























P p _Q 

Cl = — : C) j! ‘ a — ---'• i._< •»'lj (ttjilm a 1l 3 A :fl 

2 73 


0 — (—273) 


P=— —t+P n ■■ -i=tj P Ojli£. ^ (a) LjJJlC 

273 0 


P=P 0 (l+at) 


:Jbe-Lia 


273 


= « : P=P 0 


273 


t + 1 ■■ 3 


. j -LoJl (t) BjljJtll Jli JjLui 03 ^^ 3 

ijlSLa £ £uaj 3 i(-273°C) 3 A ■ IJLuJ (J! (0°c) ij* JjjLuJl ( 0 . 1 ia ll ijU-a jjju LjJllC ★ 

Ob-Jl (jlc. JUJl5* (_^uastj i( jii^a 3!) Jjilall jiueaJl ^£3 IgJ <UaiJ' 

hJM 



t(°c) 


y^j oljj» ,-a ifl j..i a lai- 3A (P = f(t) ,_)jaj (*J) P = f(T) (jLuJt <ji * 

P 

K = M| =-— : i- ' j u stJ P — KT o -4 djJ-ilxa ( 0 /C) ljLb«Jl 

273 


P 

— = cte 
T 


P=CL P 0 T 


1 P„ 

: > .x i S . i CX —_ P rr-X ! O-i! 


273 


273 


. T 2u»-jju JjUi tjjjla 3^3 

1 Jj 1 *" , 


«Afl l l r~ k4 l l Ajjt j->- jJ £L4 Ujla .jlc AjuJlA (LiaSD P Irvti/ill .-.miLL oj ■ JLuUi (4^> - J-lC. 

( T 


P 3 P 2 „ , , 

. —- = — f - =.= cte •. - <~i\ 1 Ls»ji3 


r T 

1 1 1 2 






























1 ox><^\ VisjV^OQ OiVJbV 4 d\s)o 


i^l.ti | l) (^11^11 ^LJl) a 1 *-—> <>.[ .. 

: J&*jT( K) j ^-4 (t°C) j ^>lA dJjllUJ 


n 



t(°c) 


-273,15°c 

0°c 100°c 



w jj a I*--—* ^lu< 

- ■ | |- 

T(K) 

(j^£=.) 

OK 

273K 373K 



¥*404* 

n 


180 ° 


48.6-' 

68 ° 

32 a 

0 ° 


I 


m 

100 * 


37° 

21) 


100 ° 




173 


110 

291 

273 


: t j T AiMaJi 


T(K) = t(°c) + 273 


(K) jj^iiSULi daH->a ll : T 

( c) ^u^lluLui A^-jjJL) Ojl^SaJl : t 


(P) ^=u^jLv> £-> ^j(T) <=u^l(F) ^.’LiJI &JJA.C- - 3 - 4 

( Gny -Lusscic 1802) cTL^ 0 oJ^ d>_JG 


JoUu Si 1 SI 3 Si 4 

Cy* ‘^ 3ut <Ojl Jj>- (V) jli: («*>• J2-J Jb«j! 4 _uj _aji£jl * 






























•. ^ j^jla 

. V i f T rtflllna ll Ajjl^>- A^-jJ £4 Ijjia ,■.,.! '■ " J ^yi sLuaSJ V Jj| 


t 3 t 2 


Pn 2 (Pa) 

i k 



. — Ct€ ; ^ * 1 -* 1t l ^ \ 


a -- 


273 


t 4 


v=v 0 a+at; 


?~‘ I ~«■ 11 1 JjjLuJl jLuJl * * 
<U ^JuaJl Sjl^seJl As>- J A s t 


V 

K = -^~ 


273 


V = KT 


i ^j! L a i-=r> 


iV c~’^y-~j ( m ) <=ujL» isl_^X! (JP) yJlc- Jit J? - -4 — 4 

:JdUiJ 

1 jjjl 4 (Jr* - ! <GjLo 4 i a^—>g jliJl ln.ii.uo idillaJl Jbejj <Ll 4 J 3 J 4 JI * 

J^Lfc4 ^^Jlc. (1L) <u«- o$JIj J 

>JJjL4 J_yj iJ>AU3 d-tlflfl illJij .JjjjtSJl ^SL4>- 
JtLflj JjgJL> Jx>-Mj .JgJi.Tt.aJl J IrOflin') Jjjjll 
1>4 (tt) A 1 4 t —> JJUealjLa .^yoa. T r.llj J -L xaJ 1 jfai 
lljjjl a 1 n ~—■ X_a . UllljJl . jlc. 

■ J-aJll j$j-* ^4 Jtliuj Jilt 

lr-Vt)roll jyju ^yJ LJOj Int.uoll ^ljfl.4 TiAuJ 

J ^ i i i l i) Ajjli a^-ja i if ^gJLJi Ji-ij 

.((JjliaJl 



-► n(mol) 


. JtLijJl jGUJl jit- Inti^o Laiuall jJu 

iJUJl oW-fl* i^- a> ^-‘3 jj-SJ 

PH 2 =f(n) 0 Lj 


~P -P- 


T 


..., — cte ! a A~l£—> — — cte • i)‘ *~*-■ ■ 1 

• ”, «i n 

. dJj^La A-laJ=} £4 Ijjla jlaJI Irvtuo >. j.uiLjJu jlx! juli. SjljjeJl As>-jA j"<i ^Jpvi ^yj 


uJLj .all a^JjlJI j I j 




























P 

—=cte 

n 


■■S\ 


PV = cte=K,... 

. (1) 

:c >Hi ^UJi c^L? - 5 

P = KT . 

. (2) 

: 1_jJl>»^ £\jajLuiJl ^wd 

E~i 

II 

. (3) 


P = K"n . 

. (4) 



PV — K K K"n.T : dAi/—> j dfl^lxJi d-iA 

d "iq j, $ j ^1*1 a I' ullljlakll Xulj : P 1 KK K — R : ^ "* ' 

P = 8,31451070 Pa .mol KK 1 

i Jjijlxii j^jla. o- 1 ! 


PV=nRT 


R=8,314 Pa.mol 1 .K ‘ 




(Pfl) _i jlill :P 

(itl 3 ) _1 jli!' : V 
(mol) _i jUJi ijU iu*£a n 
(J . K' 1 . mol 1 ) ^ iLJlixilOljliJlXulj :P 
( K ) _I dflllrta.)' d^-jj :T 

.^Uit jUJl 

I jJb a P—0 Pa ,jiu i c jliJl ,» JuLu . T=0 P JjllcxaJl j. JuX dji UliL* Luij * 

. jljjl dais ^jjl tUVl _3I .pta a I I a a j~, J) 

Olaj^sdl ^1. . a a ^ jLulS ^ djlaj_^>- dx jou Jlj J j! <jX dj«jlj T jUJl d ^ y>- '»*—*> * 

.T=0K ijl^3*Jl «L> jj ^-LU3J ^jJloJlja ..llUjjj«Jl dX UK 

.Jlill jLiJ' ^xij axt jifl~>»j ^ jj' jliJl j! 

SdjULoiaJl J U-i jlx _L>- Jjk i j£j 
L y»jJu Jlld jLii=> —a^ijiVi l^jl yvXLj v _ 7 o»' 3 ■ d_.fl_,a-»1l Xjljli!' J* -i-> X J djooiajl • 

iji) a^xJl ijiaju 

« 

djvjj |jt ^1) i j_>x 1 JL> aJxlxLa ji >.,.i 3 »j jliU dx!axJ> xliu^oJl * 

.(dJlx 

1 1 

. IJl> . fl_> »..o j^SLj . jlxll * 













1 

_ I 

43tx5»L»]l 4 _jL>^’I Jj*\ 

. 

.^yvi ill l^uni j) <LxauJL) 4Jl>- j sliljlaJl • i 

• 4jjljJl jULalfl J ajL>- jlaJl CjUu j^>- 4C j-lu • v_j 

• jlill CiUo ,J\j Jl>- 3 J • .» 

4mfl’i il5jjJl Jlaui |j^ jLc w wa JjLlIj jj>- ja_i 4jaLiA.ll * J 

Lt JL 'Xj (jliJl ^iii^j) ^iii^l ' tLJ tljj jlc. wJ^iii-i 4Jl>- J2 * 

. 4jLj jj>- 

Jx)l I 

JLcLj»Jb ^LSL j£=,\ • j £1jLJl • _>• olL* • wJ &^y>. • i 


.elc.3 JS-L j\3». 


2 1— 

^jjli jlc OUu j^- ^Jju» 





3 


jp^lL iSjjM ^jJi (JjLaJi (JSLJl ^ ju^s^aJ' -, it £ —i jJi 
iCL^iii 4 JfllL 4 J (C) ,_^>-L>-j J^L-liill^J 1 afi.A'* . ■ *3 >( JAfliC 3J1 (B) 3 (A) 

, C 7 >.L.^J| SjLJl JjljLiJl (_^aau S y oe-ii 4 _i j_j LLSLaj 

j ) 3 l ‘~~> jjJaAav J 31 -X AJ (1) i^hflwjjLij i. ) jlr>fllt v jA (2)3(1) ^LL1 jLJl4 

•MCI j\j.3j „ , U 4 l t j ■)!*—-> jlc >_>a .(A) Jg I^L>.jl> 3 > j^>~3j.i.igli 

jlc Jll rt ii a . (3) Jg l^l>. jl >3 v '*~— *j a 1 ' jjlni ill J 3 LXAJ ’(j 1 j “‘ 1 ( 2 ) ^^>-^13 

. NH 3 jjLlJI 


4 i jLj 1 a n ^3-LxJi jij 

















,j)Vv)d\ ‘AaHfcivu 1 ox>9)\ 0iV3a\ 4 



jj ! -_SJl aIj'cl. J 

Hcl(g) + NH 3 (g) = NH 4 cl(g) 

Juu .jjjjliJl .'llljjj- aJ-Tt^ l ^ cliuJ! l$J («j ^yJ' AjJVi jj±Ju j 

(NH 3 )j (Hcl )^jjlill ,Jy4 jjjjA ( _ t ZlU! Ijj Lil .l(j I _ 1 1 JjUljJea^ayi j>jM4 

dUu Jj>- ■ <• >■>«_. 1 j^jlo cUX. yjJO >vljLaluk^o! l^jyy JjJbw iUlS 

NH.cl ^aJUJLv 

(J^JLlIi j_ 4 <Lu^a (c) ^wa riol->i4 j tltrtj ill i _ 7 Lc J j■ 1 j! j 

IjAj .A~aV\\* ll lUJG j OiuJ! Hd (NH 3 ) ji ij jj .(A) 

(JA j £=>i (dj ril niu^tA JjL3Lu- 4 -Tulr-A . NH 3 ^liljujj«Jt 
c\ j, 1 4 Jjl SjOlJl _v—4-j ^ * He/ l^ ~ i ^yJl {ci) 4 ir- fc..<^«^ , lii,..4 ll 

d > d. j-a-y -A t 

d d 

as. ru ±.V i moy >V 2 moy jla ;r,„.i V 2 may = — 3 V,moy = —=- J' l ^>3 

At Af 


















Hcl jiiLIj jjsJi —>'■ NH 

: l ^jjLiU 3 -®J' jOlS^Jl jJaj AjjliuJ' • u 

M(NH 3 ) = (14)+(1 x3) = 17g. mol 1 
M(Hd) = 1+35,5 = 36.5g.mol 1 



M(NHJ < M(Hd) 


: ij\ JciS-Mi 

JSJ M jVmoy jvi as MaJi • 

M(NH 3 ) < M(Hd) :o'*VNH 3 >VHcl : LujJ ^lui U-4 

-Jjjlj c-^Sj^W «A_J^_U >,~n^aia.i L«1SL3 

ytU gLjJ^4 1' cOlISJi Im^c ■ tin! i "m dx.y±Jli3 

4 



••AjJLlII XjL>-I jS^ A ^'1 <uL>.^l j±s-\ 

F-P.S . P — — P-f.S : ftjLuaJLi iajLuaJl jjlcaaj • I 

St* 

.V • .S -. OJl>• i_l 

latm = 76 cmHg ; . lPa = 10 s bar .lbar = 10 5 Pa K •• 
latm = 10,13.10 s Pa . IPa = 1,013 .lOSatm 

: <_jA jlaJl 1 a4iA Lj 3 <\Ji * J 

: t-» 4 i All ^uLjl3 cUI * -As 

s J! -2 j.1.1 |»Jl 3 O^SIJ Jg t-t4.AU • a 

<LlL>IjJ| _2I^jv1i Jx. sl^Ji jy>- pjLoj .^53?»J' Ui4.aU 

.«< ^jL\j pj'.jaj Ir.--.Js.' 1 : ,J| J$aj pjLiJl ^JlC. U-.4.AU • ^ 


F=P.S 


Jxll 

<Va^jL3udJl oL)La>-^’t 

« P = - •! 

S 


jLyyjJI ^3 1 t II jl 













^VDb\ 1 ox><))\ VfiajVs>og o)VJt>\ 4 


Pa • 


latm = 10,13.10 s Pa. latm = 76 cm Hg. lbar = 10 5 Pa • ^ 

LO • 

.0^5111 ^yLc. cl^Jl * 3 

5 (-Ajyull 

I I' V .^1 |{«JU . wJ <_L>i 

rt !l ^flunll ^,4dii") -273,15 Cdjl^aOl A^-^J • 1 

(j'U„ 'I jjx i«a)l Ap>- jJ v^i) 0°K _i aJ jj& JfrUta.4 ll jJLusJl • *_) 

'' i_5i) OK _) A) J-6jJ ° '! J a.v->'l • _>. 

.T—OK . we(Pa=0 Pa) a! j». vt <j JUloJi jliJi • j 

t—0°C J_lC (P=0Pa) Aiaiub ^yuissJl jUdl • -is 

♦ » 

: j.Ml jnVi Ij) LJLla Ijlc. ^,fl_ifl-Jr]l jliJi jl i~>Cj J.S.4J * a 

> 

.^yri ill ) ^jX. IJLa- j-JLcl j'ia jlaJl - 

I , \ ~~fc- l aim I jLiJl U> * <>> - 

lr~n.ua lb JH 4 JI jliJi • _S 

-2°C jlx 5jlA>-jJ o$SO o' ^SLaj • bJ 
1000K J! jlx. fijljj* A^-j-1 O' qSaj • ia 
-273,15°c ij! 3 ^ O' qS'A.i • la 


Jxll 

( Ajb • J (AJU • _>• 

(A*j * la (AJU * Jj 


llg-w 

Uexi- • _a 


iU-^. • _ 

,AJU • J 





6 



■- j _> jjl j jjlfljl ,-qJlc. JSj Si 1 

PV = cte i j^jla * 


. (t) Sj'jjJl <L>-jJLi . P=P 0 (l + CLt) 

p 

. (T) 1' <L> jJu i — = K 


(t) jJLj I V— Vg(l+CLt) 

( T) <A <L» j JL) . ~ " ^ 


i 03^^ * 

jJLu^J ^_yJ ,J^jLS * 
^C. 


-_• J 

<GJjLxa 3 .ijLdl v j^ ^-4J <_x >30 aLlJ ^ a lex>- 3 * V = f(T) : ( 1 ) ,_/)■)» i« ll 

.y -ax. JSL^Ji 
.wlJLu^] 3A3 V = K'T 1 ,^1 















1 ox>9)\ \A)V^>o<) ibDb\ 


=0 


: JS.J.1I jf* AjJjlxa .iJLcaJl ^jfA j ^ wi>ALya la.^- ^S> P = g(t) 

y = ax + b 

i a*— > A Uuf I g . ~fl "i ,ii a l l ^Jb a j b = Pq : £a P = flt + b i y)l 

P • . p 0 

P =-2-f^.p t jLStii AjjliaJl ,3 l ybA3U . A—-t ,J jj A—' 

273 0 


‘ P = P 0 (l +0C t) (JiuJ' 34 ^ 

AjJJlsta .ijuaJl y _yaa ~jl>5^ aLuj (a_ifl~i.ua *->->• ^b P = h 

Jo $jjL »3 j$->L 3 LiAj • 



f 1 \ 



vv/ (3, °^ 

y = ax . JSLiJt wV a 


> O' • P — a ( y. I = O^! 


Cl' -lyLU' _£_UU 


/ 2 \ ‘ * 

P = P I 2 H-1 '• LuJl) (2) I a ll AajUUI AiutjJLlI ^ 

V 273 ) 

P — P 0 (Z+CCt), j| la^= 

* Jb«j ^jOlJb AjfljlL*>a, 111 

7 cAjjaiill 



m=7Kg Ai>.^; 

Al 14a j AjIJl>^ A-iLyu M —7 OKg A ~. 1 ~. ‘-—> i __aL>- _y_a 

2 75cm x 7cm saUjI J.l->~....a Ao-^j J£=> ^lrv„ j! 

28cm x 8cm 

A a Jl>- ojbul _) .U>~....^ -rl-t .. <U 3 . JL»l^]l sUl=%Ji Lai 



• a\. v-^ 1 JjJtP , i,„-^.i 


1 i 



Phft M» 

.£lLJi ^k 5 v w/Lua cl jo*- 1 t a o ^a -^ > * a ^ * u 


S 2 s, 

. £iui ^ ^ 


% 

g=9,8 N/Kg ■. j± ‘$j 


S 2 S t 
































Jxll 



P A -) q . 


: SjLlxJL) (S) ^I-Vii JlC F 5^3 <CiJlsu ^jJl(P) laJLxaJl 


• aUm- ii t ■< jail jj jiAjJi ^jlc. •>-j~^ '' U»,Ai la.'if • < 

F = P + P 

jilt jJ 1 

F = (M+m)g , F =Mg + mg 

J >U.„ _gal..._,q .5 !l ^lr>.iilt Lai 

S t = S 2 = 1,75 x 0,07 m 2 -. 

S i = S 2 = 0,1225m 2 , 0 j< 

n (M + m)g (70+7)x9,8 .. 

tr —-—- : u n ) <AJl 4 W> 

2S, 0,245 

P = 3,08.10 3 Pa 

JcD^JUcal' *drv M Jl jla .jdUl ^yic. SjuiLtA slJb»Jl y jl=>-^x4Jl inana.1 U, \ if 

.iljuxjl ^TflrVn P ^jLuj 

S’ i = S’ 2 = 0,28 x 0,08 cijLuJir jj^ltTk.i)j 
S = 2S\= 0,044 m 2 .jji 
t —x~ j5>!.) duuoy jjl j5 _U y o ^ jJLaJl P = i\4g : ,ji l^ 1 —> 


P = 1,53.10 4 Pa 


mg 70x9,8 
2S\ ~ 0,0448 


^S^Luj aU,^ I.aIi S^2l1i (jUa .jduJl UjLic 

P = m g » o5! 


S-2S 1 : ^ ^&0f \xxxd Jailing ^ In .,, 1 ' Lot 


mg 7x9,8 

Js~ l ~'oj45 ,A -^ 9 


P = 2,8.10 2 Pa 


■ jy. 


. ll lj . ^ 11 















jVaHfciyu 1 ox><))\ I&W 9 SJ 9 0)U>\ 4 d\s)o\ 


8 i-Liyiliil 


1 ~ "‘ a &u3jju ^$jjl . lOlTl 2 <\_>-Luj- 4 .^yCl j-uj 

.40Pa ^^LaJ Lkalub! lkaj.uir) <Ll3 Ju>-i '-r L & > - 1 1 

.£\jJA\ ^lx. jjjJl '~»-i L yJl aV-\c LaI i a^aji tv4.1 °i , im•>■! 

l j ) ^\jj2i]\ dxu ^y£>\ju\ tjj 80Pa ^ 4_* ^ ^ ■,, ■ l ,\c ——j J , Jl_J 2 

. 600N J! <U 3 Lujl 4 )dU>f l.A>ll SjiJl A.o.j-3 1 (j ■ 3 A l i^Vl l _yJ l rtoiflll 

_ £ 2 AU 


JyJbfcJl ilui W 


cLJt 

i’LjjJI VgjJL>i ( _pjl tfioi. LoJl o^iil d.4_t3 «J 1 

P = — : O* i«kaj 

s 



F = P. S 

F=400N 

* F = < 


F — 40 xio : „lr *.'< l _yO 

: C-K.7.H JLj Jc*j' A 4-, 3 wj L t> *J 2 


S = 7,5 m 2 


c 600 

S= -, ^.jj 

80 ° ‘ 


S = —: LujJ 

P ' 


9 <—Li^cuki^ 



: Jl L _^wij t _ 7 l£ <\3^L*"»4 |l T■ ® ' 

S=10m 2 =1.10 4 m 2 3 F=F=10N . P,=^--.LujJ 

*1 















P, = 10 s Pa 


Px= 


10 


l.io- 


. It» i ^ jfZ j,i 'i 


^Jl ^ic jU—UJ -i-1-li' ^1 cUJjcj Jj]' la at -.-ait lUai _iL_a- • _ 

P,= ^- i LuOJ 


S g\ i 1. ll Sj dl~*r 1 .^11 i) ji!l fl~i i i 

S 2 = 1mm 2 = 1.10 s m 2 $ F 2 =F=10N ■ jji 

10 


P f = 10 7 Pa 


‘ P 2 = 


1 . 10 ' 


J Ofc i .3 


P 2 = 100P t ,O il^VU 

^yJl jUiu^D 4 -uJloJ' 4 jL£Jl)' iniin ji V) F ? ^ F ] LuaJi ji ^Q-Cj 

l—u-4 ,3 jj' jLo-fcul' ^ulj A A ^4 5 100 —) jy^o' 4 

Jlj 1 .Ja jwill ^ln*all 1 ^ 1 ^^—> 4j» ^ ~ ■" ■•■ Lul3 . P^ > P # 3 ^1 L 4 - 2 J 

.4 *Lc kxxuaJt 




ij . 4_ulo«J' ^4 £Luj}Vj ^JrA*a fS L) »».X)JL4 H iU^'j j '■ *-> 4 J “ 4 ll 

. 4J&J • *« ^JUJIj3 .4-uLjfcJ' ^ QJ .iajUtfaJ' ^ 


1 () 


jlc. <UL> jJLsu ^_yJ' d_JiLi^j_aJl jUluJLj j ' J 1 
idbbl j»i .jLiil rtgj <vJb«Jl. flxaj a jJb Jlxjb=> Ijj 14j ^ J 2 

tfU-j^SLu^^SLuUi 


Jxll 

i ^jy& tUL>- JJbu l _yJ' AjuLj^oJI _^j jliaJl _l 1 

. (n)jlill SjU & (P) jliJl Ir^iuo . (V) jlill t (T) jLiJl fljlja- d^-jj 

. <vJ jg ■■ JSL) I^xuLlS jS-aj JLUb^ . jliL! 4-j-i jb a ^i=>LaJl 4Jb*Ji ■ axtalj ajUb J 2 


L^-aJI ^a-LiJl f 











^U)d\ 1 oj><))\ V&jV$>0<) 0)V)o\ 4 ^V>Jq 


11 

:«Ll)H1I (^. U l I I ( C° > _^uj)_iiiiliiiHj ) <Li j-<-«-]l J $2* • I 

273K . 273,15K . 10k 

••AjJLUI Sjlj^Jt i ( K ^ja aKlLi) 4all->a )i 

(_5^3*Jl lajLuaJl Os«j -182,96°C lS^Luj jJaj* ^yjLu jlc 5 _l 1 

.^ysliajjl 

. ^yaUr^ill Irvii^ll 100,00°C ^yis tl«Jl ^jLIjC. Oj\jS>- J 2 
■ t _ r al ln' i l l Laiu-xll . ~ i Vi 0,00°C eUJl jlg^->,')j -I 3 

■ 1 _yoUcajJl JcaiuaJl *' 1 ~>»~i 961,93°C ^ib <U^dJl '■} 0 jljjv <L>-jJ J 4 


dxll 


a A ~n n 1 ^waSLxII .■S-LJl pdnJl Jj 

: AiUaJl 


TflO = t(°c) + 273 


t(°c) = T(k) - 273 : jj! 
t(°c) = 10 - 273 4 t = -263°c , LujlJ : T=10Jc sju j * 
•• 3 <Uu3jl1i -.T—273,15k «Ui» jg * 

tfc; = T(k) - 273,15 


t = 0 °c 

: AJLo 3 


t =100° c 


1 = 273,15 - 273,15 , 0 j! 

t = 373-273 = T=373k 4JL>^* 

I (K) = t( C) + 273 : AjOjIloJI ^ nj^.U>U J., fl '■ 

. t = -182,96°c aju. g ai 1 


T=-182,96+ 273,15 * 


T=90,19K = 90K 


T = +100,00 + 273,15 = 373,15K * 

T =0,00 + 273,15 = 273,15K 
T = 961,93+273,15 = 1235,08K * 


t=100,00°C JUU^al 2 


T = 373K 


t=0,00 c c 4JL»- ^ si 3 


T = 273K 


.t=961,93'c aJU^d4 


T = 1235,08K 


213 j 

O' 























1 2 «— 


Jujj T P 2.10^ Pa i^l AxJaj . Vj=l,5m^ jit ^j-4 AjA‘~—< 

0 

A^-j-3 jjijj jioj- 1 ‘ P 2 = 4.10 5 Pa (J! UjLll-o n-Luati jlill Uini 
?jvilj j«J JJjJl uJiLj jjJiJl jlJiuJl 9 AL 4 J 1 
1/ JLjJbtll j-sjtsJl • ^.Jr-tiMi'i ^L>- A'n^ _.U»" jSm ,3jJl J^jlill J % 

. Vj rt« X ~i i'n»! ?jlail 


lAsJI 

. T 4j>- jj jjiij (*1 k5*jJ' j H a 4-11 J 1 

V’ «_iLto- » ■■■ '■ .la^jjU — ^Jj^j j^jli ^fAVi J 2 

i V, * 

v,=^.iM p.v.-pjt, .jjwojiUv— 

P 2 


V =0,75m 3 > v 2 = 


2.10 s x 1,5 
4.10 s 




cuJUaJi HjijlxJi j$jli Jj_< ilrTi ^wSLaj ^yllilLi^ .^Lu* jlili 

PV=nRT 

Tj=T £4 1 P l V l =nRT , (1) AJbJi J 
T 2 = T 2 - 4 2 P 2 V 2 = nRT. (2)*laJiJ 

- p j V ’i , .. P,V. nKT . 

— 2 : ijj! - = - : »>•*'< ^-a.-alb 

P 2 V 2 nRT 


P V 
r 2 v 2 

j$jii 3 A 3 


P V = P V 

1 ]_ - 2-2 


<A_i_4 3 














^iVjJb\ )\iu\<ri<^ 1 ox>^)\ V&jy$>o<) oA)o\ 4 uoJo\ 


. Jliull j rtTiaa ll JJLJ' 


0jjiuua JjLu-istJ jlxll jl!ujj- Ll>Jl4J 

.(20) Iajjlc 

Jj jviu ^Uh .(n) SjLoJ' ^_■ • ii 1 

• * min") I jLa cLjMjJ' 

Jg jUU V 2 4 Vj jjla • t u 2 

. cUjpi-.~lU cOMUl 

■P 3 3 P 2 " ^2 Oj^ • ^ 

• AjftjLuJl jl 0 Q ll j_J\J cL3^lc 1 l l ml • l I 3 

9cVAj.fl.TeJ («j -ill • i_l 

■p = g^JLj}P = f(V) • ) *j4 

.i‘l~4,ibfc! jJ>j ?<sJ^lu JSLi AjJjbta • u 

.cUjjejJl 2>-Lii ^ ^ 1A t _£_]J| ^jliJl £L-i_uuui * _>* 



uUll 


: ( M ) SjUJl > jJ ! 

■ jjuSGs Jl J ._4 u,u JLL«Jl J_i m> ^jLc. .20 l^JJLC CjLuosu jlilt CjUu j»- >. 1 i, > .. W . i 

.jliU cuMjJi J3 jjiju («J .n =20 jJbJt ,ji * 

luaji Li’ a (P) cUajLuau L'^ .(V) jliJl 7OLJJ .jOlIj L( jlxl (M) ijLaJl ^ j ? ~i 'i~i m 'i 

. (T) cL>-j.2 jjiLij 

•.itUi^jJl cGLla*- jJ jliJl jjjiiuJ V 3 , V 2 V ; Cw' 4 i il 2 

V, = —V, : O' AiuiaJl -v* 

2 1 

: 1,5' ^3 2 ■ J* 


v,=-v, 


-. Aj^U> jJ 3LjJl P.,- P j csj^lixJi • 

P x =l,00 atm :jl iuuj^J'j-# 
P 2 = 2P 1 =2,00 atm 
P 3 = 2P 2 = 4,00 atm = 4P 1 




















! Vi $ Pi jUuJi *iUsJi • I st 3 

V 2 =^V } 3 P 2~ 2P i ‘O'Uj 


JLptj —3jiaJ L3jla ^GjLlaJI ^GlA >_ 


P V =P V 

2 2 _ ^l v > 


p V =P V 

3 3 _ r l v l 


P,V,=2P,xiv, 

V,=^V, 3 P 3~ 4P , .UjJUJ-1^3 


••O-i! P 3 V 3 =4P,x—V j : JJjj'ruJ'- 
4 


P V =P V = P V 

11 _ 2 V 2 _ 3 3 


: rtJMaJl Jbej « ll ^jGjLuJl ^yt 


■ j^jla ■}&> al n«~i i i.nl ^ jjl 

> p = gj _L I J P-f(v) jyU,»1 


4- 



^4 l _yJl a I t ajji a^gl-Vi S jjl 

P = a.— > jj )i-.y = ax JSLgJi 

V 


.ia^jjLo J^jli $£b IJJbj 


PV = a - cte 


Aju»j 


a . .1 ,j . i II /* j 1 • II 

























(3 )\jJo\ 1 ox>^)\ l&jV <£>09 b\)o\ 4 viV>Oo\ 




<*j3jJtJl ojl jj>- 3 a 1 a (2 l 3LijJLi <>J&ja3\(1) iCajj^Jl jgV->"i 

aj \JjLUl • <^—j laiuaJt i 1 - (25 C 

. ( -196°c) di^ii->'io 



( 2 ) AjOJJ 


1 - iUui^Ji 

.ij^JLJJ uiij^. ljU jjjjA j 1 

* j j ... a\ _J 2 

1 ^ 6\_aJUl]! £\_uLj_l11 c\_uj1j 3JL> .tfVjcljLtuJl T il^ i 1 iJ 3 



•250 150 -50 0 50 100 150 200 250300 


C 


dj^bllbJl j! s m i ljZ\ J^a • I 
2 - iuui^Jl .uulj l->iuo 

41^x3 ' jL® * ‘-r 1 

Lj jy Lcl Lu' ^^JlC JjG dJ u& * -f>- 

.JJlLiI^! ?Ull4 jliJl 

■"...lj V = f(t) <UjLx4 iac.1 iJ 4 
«.~,>.*.>■ V = h(t) 

9a<llU>a ll 

Jl ^Ala J 5 


?^~l i~lm 4 


cK)l 

- "* ' 1j (25 C) c\-3j-iJ' 5 j 1 ^_>- J_2 ^ AjIj .j^JLJlJ • ~k !•> ■ ^jjt ju ± l£u _J 

> JjLJl AjJLC- '-y ^ 1 UjLlC -3 .Vj U_fJt» Ujt>- JsaxuaJl 

iLiA-lJl jy lj ^jS-uLaljJ J^iii i ^aiu SI 34 JI f 0 ^*" OV^ (~196°C) 

Ojli <■■•■» Cxsej .jliJ SjljJfcJl AjvjJ .wJJjJ «_lj7~im I Lui jjC 

. I j\ j *—1 j^jtseJl i^Lfi.gj ‘!tj!3 


• 21 ^ 




























a ^ji dJ j > _^e jJjJ jJl^ .JjjUi jlili 1 -i«ki ^i Laa»-Mj ( 2 ) A, a._>~i 5 J 1 • 1 U ^ 

. JSLJi jol "u f^J ^ )l ^3 aL-ec \irfSlt 

. 5 jljjl («Jk> IjJjj ^Jj_lj ^yj' 3jl_^3«Jl A»-jJ » T fl • wJ 
T fl = -273°C : ,.L.T>j jLljJJ AjuULa Oc-I^fl >A lfl.iA.j.a Lai 


T 0 — -2 73,15°c ' • ~ j .‘~‘~i Aiy3jJt 


-Lie. pJa-j jL*Jl («-%->- ^gfli - .LJUj jlitll ,ji «~<<Yi Auilj-lJl 3_L2> • _f>- 

.!$(T 0 ) a^jJJi 

1 V = f(t) ^bjJl Ajjla.o JJ 4 

tGjjla.4-3 . UlxaJi { \a ja .j V aLx« (A._ifllim a iaj>- jjLj-iJl 

V = at + b : jj! y = ax + b 

V <Loy£ Jjuaj .(V ) r_j ^/aiint!' ^loloj Aiaij y _p_4j -,b 


b = V 


(*) v/=v 0 



a = 


0 ' 
V n -0 


t n = Q°c 




0-(-273) 


^ j 3 it J-4-J-S : Cl L4l * 


]/ — -— £ -f y : cUuLkJl j \03jL5 

273 0 

2 

J > * ) « Ct —- : A-UD OJ 

273 ^ 


V=V 0 (l+«t) 


:V = h(T) TLLlo-aiI * 
Jo«j (*) 5 jLul) 1 Jj t - T ~ 273 : ^)i ^lau 


V = Vjl + ^(T-273)\=V a \H- 


273 


-1 = 


V 0 T 

273 


V = KT 


- V 0 


o j! • K = —— ■. *-uoj 

273 C 


1 $A ^ ti i * >iii 4 l l i 5 

\^—V^ fJ ^2+0Ct) . ^ Ja U 0^^9aJ< Aj>-jju •* -~ > 

. V — KT AflUng '1 a>-j_l1Lj 5 


^ »* L^aJ I ^I j) j 























^AJv<u) 1 4 


Lji ^jojjLi a^-Ijj ^_y 1 t« r w >jL>-'y (chambre a air) ci^Ji ~6£j£. ^a 1 1 Jioj-i j» jaj 

. AlpuJl ^ a l Jjuj .(Ascjl^A- )l) Aj_lb ^Ja i~) A^»- j_i 

Z = 40cm Ajl^lruuLi ( ^>I^U )l) ^fljjl <\J» ^.'Va t~i 


^ m jU»... Vi .~ .Li j±xiu j<T oj ■ ^ *"—■ <1 <L3l.n »i (JSLUl) ^ m jU. - Vi JL^-U 


/ 




E 3 


4 .b««li ^i«.n j jl>- j) >(a=Om ) L )u A a li J_ufl j 1 

. IBar _i U>4, All ^l-n_. ?AJbfcjJl w L>-l-S P g £134)1 L-ii^s ^iiLa • I 

^\Ju4-ju 3 l^J ^vd ^yJl 5^2 l)1 # uu •> ■< * u 

S’= 10cm 2 

Aj3Lu»a J) .^4 ll £jaju -Qj .a!?«Jl!' «.«-> j JL>ob JLaJ-i (» ^<1 • l J 2 


a^=20cm 


. jlill j Aj.I:»j ^jjl P ( ^jy£- 


* fl. ( — 30cm a^Loaj ii >_lJ^>t".j ^ j S .) ^ a i li A \\^ i ^ ^_j 


. cl^Jl 'aAj£. P. b>4.All 4_a i.3 w, 

J! Aj^LujJ tuuJi Aj^Jj CI 34 J 1 A^-jJ J $5b Afljfl~»)l j J S 

. 10°C Aijl_^>- Aj> jJ Ojl^= s' 5^1 AJS^C J! (Ji-ljJl fl^l vji UIc.. t 2 = 40°c 

.^JuJl Ajl^j J_lC. , n _. 0 -j»J I IcajLuiaJl <L^x3 


- AlskJjl P , 

^j n A .aJl pi la ^-> .wj^ju^I Jj ■“ A->.^~.aa w a'.ll aU'A L->< ^>'1 


Jxll 

• 4 




. A i-x.'khu V.—. ^j _4 £134)1 A’, < „-i> j _• J o 

«jj! 


P n = IBar = lO 5 Pa 


• F i 


• 1 




! P =- : Aiaj 

s 


? 19 J 






















F = 10 2 N 


i F=10 5 x(10 x 10 4 ) ■. jmA jj-. 

3_aJl .n • ^ 2 

Jj$J | J il rn i l AmJu ^jS> jUL j ^ i^ll AjJLsej ^ jjl kuu^bJl j] 

la-jucaJl JL3U3 Jji cl^Jl i _ 7 1lc. jUs — 

CP! PjV J = P 0 V 0 J05JJU-Jj^j J^ila w—>■ 

V^ 0 = S . Z i lr~>ilrSll JjJ cl^Jl ( ^ 3 t>- = V fj — A. »^1< Il ^ iljU>...i ^3b>- : 1 <_l,ll 

l rf»i<Sll Jjlj tl^ ll (ASfc>- = Vj = S * (l - ttj : iji la*—» 

P 0 .y.i 

! Jb*j A_La P j = . -- i (jjj 




?(l-a,) 


P 1 =2.10 5 Pa=2 Bar 


‘ P,- 


10 s x0,40 

0,40-0,20 




P 2 = 4.10 s Pa =4 Bar 


P .1 

P —-P.- s '*» ~i AjLiLuJi fl_i^u>ll J..a 'n 

^ ~~ fl 2 1/iS 


» p _ 10 *0,40 . jbfcjL’a,'ajiMuJlja 


0,40-0,30 


P i.jl J ' 

• . " 

. j^Xju y AjuUi cl^Jl 5 Aj>-j_l ^uL^i P , A l 4 ijii AojLlJI AjljfcJl ^ 
: t=10°C Aajflll Jjijj Af>-jj yyuaj . AjbaJl 3 _L& Aji jj£. 

t 2 = 40°c Sjt^aJi a^jj J\T 0 = 283Ki T 0 = 10 + 273 
T 2 = 313K. T 2 = 40+273 
PV = n fJT AjJHaJi ^Aaiuij * 

^jjlAaJl ^a'i i ^ .klulj jLL2l4 3 A 3 Aim^ia ll jlc. A:77 i'.‘ij> 

. T 3 P 5 1V 
P V 

—~—— = nR 4 P V. = n KX : 1 >,),il t X 0 ji obJi 4JLU19 
rp 00 0-0 j 

1 0 


1 1 1 1 . .A 11 jl 



















g)V2b\jVal\fcSvi 1 o»<)U o^V3o\ 


: (jl 




PVT 

pi _ r O v 0 1 2 


VoTo 


jj! ■ 


P V P' V 
r 0 V 0 _ r 2 V 2 


T T 

1 0 1 2 


p, = PcJ_ Tj_ 

2 l-a 2 T 0 


V 2 = S’(l- a2 ) 3 V 0 = S'l : LujJ 
P 0 S' l t 2 

J ^‘ U43 ‘ P 2 ~ S‘( l-a 2 )T 0 '°* 


n , 10 *0,40 313 ...... 


0,40-0,30 283 


P'= 4,42.10 s Pa = 4,42 Bar 


jviu (jldUkCVl _L>-lj LaJiiC JjLuu JaAi^ll *Ui_l 3 ,ji Jcajs-'Mj I jfvA j 

16 

^■a^j riloujiil^guSi i.i _i >.V 2 =3L 3 V 2 =1L 

CI54JL1 ( 2 ) 3.A£.jL 3 ( 2 ) .AjIJuJI j lilies J3SL1 .jj i ~u<r> <L) <L»3«->- 

j^.‘ * ij ^' 1 <*' t=10°c 4jji P 0 —5 bar a! ai-b 


AVk 


( 1 ) 


( 2 ) 





Vj = 1L V 2 = 3L 

cl^Jl jyuu J 1 

•SCLttt 

■ dj^jLS J^=> j It 5 jLs A u^-) ■ -■- ~» -i J 2 

R = 8,314.Pa.m 3 .mol 1 .K 1 ■. 0 ^-»j 
























jl>>) <uLjLoJl (* 2 ) SjjjLoJ' Aj 3 v4 4 )' ( 1 ) cl^jJi -. * ^ ~ j jj)< <i^ill ^JdS jLa 

. ^ 4 ..A> » i 4 , | 

la3J jjjli JUjlIujIj JuJoeJ' Wab^Jl -LiJUuC > ,!»>■» il 

P V =P V 

g^V 1 



( 1 ) ^5 $>■ 3-4 iUlJUlt j cl^Jla V =Vj =1L : LuJlI 


.j^ixuaJl Juc. ^jLaj V" =V : + V 2 =l+3= 4L 

___seS** 


P =1,25 Bar D 

-vat—:- ‘ p^- 


5x2 


: 1 CP! 


_••- .;;-i’ » jj'..- :-wtts - J 

7^15 jlxj (n j+n^Jci^Ji SjL« d.a^—, _ 5 jL-uj j ■) ■ jjJa ^_<3 (n () ) d^Ji ajL» a j -**—•> 

n Q = n 1 +n 2 . jl 

jjj jju. i._i.~i ijJi ^jic (2) j (1) cxPj5j^ 1 J3 o^j^j ci^Ji ij'uj l~ijo••—> n ; . n . 

• J^dLL^AjI 


lill ( 


„ _ W 

n o - 

RT 0 

1 O^! 


P () — 5Bar = 5.10 s Pa -.iuJ^jJi J* ^ 3 ^ ■ .*t»j 

V=ll=1.10 3 m 3 

T 0 =t 0 + 273 =10 + 273 = 283K 
R=8,314.Pa.m 3 .mol 1 .K 1 

-. 5.10 s xl.10- 3 n „, or . 

* n 0 = - = 0,2125mol » ^ 3 ^ 

0 8,314x283 


n 0 = 2,12.1d 1 


mol 


jlj 
























T=T 


ot 4 


n l = 




RT, 


1*^ I / I fl H P I I 


p =p 


n ] - 5,3 .10 2 mol 


-.Ajutj n j =- 


1,25.10 s xl.10 3 


8,314x283 




n , = 1,59.10 'mol 


n 2 

>-3 


P,V 2 1,25.10 s x3.10 

:<\-uja fin —— : —~ —- lUL)A fr=~> 

2 RT 2 8,314.283 


: <Lulj 

n 2 = 0,212 - 0,053 :jj) . n 7 = n 0 ~n 1 -. LujJ 
iuljIujJi 4> < i <!' ^„ a i o n —: 0,159 mol . aja$ 


.J 3 ^ 7*4 w^Uuju jlc 3 ^o«j .dalia j JifK j .tLu^aSU' ^ot4 j 

**il,.i.l iA ilr - >>‘3 - i q^ ^ i ^Jl 4 ^ 1 ^ 3-* « J 1 Jtj 

:CLJUJ| jOLUJI JL> ^3 .jlxil <UL>- » Htsi'i .Aaj jS-ui j j£=»\a 

V=153cm 3 'aj 2 ^ 1 \ Ji-u )UJi . P=l,013.10 s Pa. t = 25°c 

m=86,30g aL jia Aii^= 

/77 —86,59g jlaJLi flc^l aA A iflT.ll a\~£—> 
■. <uJUJ» UiljLill ^jA J34^*1' jlxll p » j jJl> .tULUJ' sJjSs 

jUJ! n 2 so 2 o 2 no 2 h 2 

M(g/mol) 28 64 32 46 2 





M <Luu <LjJ jll "' " *—■ , i-i.,j jlaJ 1 f jj 

UiijLiJJ f»laJi j^jDoJl JUjuLuL) . n djloJl <> j a*—r j-jj «lljj ^Ls-i * 

PV=nRT . n = — 
RT 











nm WRlCFxl*ur ^ 


8,314.(273 + 25) 


M =- 


m 


m 

O j! m = m’-m « n = —— 

* 


M = 


j i La . Ini'*- (NO ) jlil) dlaSJ' v _ytJ 


86,59-86,30 
6,26.10' 3 




M 


^ = 46,3 g/mo\ .^ 




( a-ial — ^tilivol) 1 8 

,Ja£Jl •^ y all~>ill laiuiiJl j ,0°C 3 Jli£. ^Lh', 

:<Ujllll 

Pj=3,27 Kg.m 3 , CZ 2 j5 

p 2 —1,96 Kg.m 3 : C0 2 jlxlu^=i (jjLu jlc- 
p 3 =0,72 Kg.m' 3 i CH 4 jlc. - 

.jlc. ,j-a lcm 3 aJLp»-i.)~ia li n^ n 2 . n 3 SjUJi .-ii j a*^—. ( j^c, .j i* 

ijLa 

.<Luaj L-»r i d '■* ..I ,_S jjl ^jUoJl ^J&La ■] 2 

M(H)=lg.mol 1 , M(C)=12g.mol 1 

M(Cl) =35,5g. moZ' 1 . M(0;=1 6 g. mol 1 

J*)\ 

jLu. J5L! ?1 ijl*-! 1 iu.<L^=j jujj *J . 

,, m 

<U : Mj jlill a\‘£s yn 1 Kj» n — : jalaj 

TTl ^ 

JliJl («^»- 3& : V -Lul > - p =— :OjLul)Li ( _ J laaj p AxftfmJl lAiiSLll (Jjl l a‘=t> 



i -Ls«-j djutj m — p, V i ijj! 


4_^L^_oJI jlj 













1 ox>^\ oj\]b\ 4 i)bJo\ 


i Cl 2 jlill * -■■■ ■" ■ • 

V=lcm 3 =10 6 m 3 . M(Cl 2 )=35,5x2=71g/mol 


"i=- 


3,17x1.10 


71.10 


-3 


:Aju»j n t - 


P:-V 

M(CL) 


tjj! 


n l - 4,46.10-5mol 


j j] 


t (CO^jjlaU Anni)lj • 

V=lcm 3 =10 6 m 3 , M(COJ=44.10 3 kg/mol 

_ p 2 .V 
r? 7 


1,96x1.10' 


44.10 


-3 


: 4 Jl 4 ^ »■] 


2 M(C0 2 ) 

Pl.V 


n, = - 




n I = 4,46.10 5 mol 


UjJlJ 


0* 


; J->! 


V= 


• lCH 4 )j UU 

=lcm 3 =10 6 m 3 . M(CH^=16.10 3 kg/mol 

0,71x1. W 6 . . . P 3 -V 

“ - • l ^ 1 A > I M .. -• 1 1 1 ' 


n, = —-:-:JL3tjJa ivbaaj H,= 

16.10' 3 ' ^ M(CH 4 ) 


n 3 = 4,44.10 mol 


LuaJ 




n l = n 2 = n , Lu^jj xiV jjlx ji 

J^jli ■ . -»lino-w' jSU J 

= U JX jtLu S jJ> 


^ nV»"i .il±==j Ijj JJX 1 Jx ll Xitjljjl { _yt « ll j» 

• iaiuoJl w w» jTy sa^wlJl jii fl 11 















4 dU>\ 

iuiiUll (jojLii ❖2 . 

\&W <*>09 OiVloV □ 

X.C .G j^J-Jlrti! 5 -ilil X-u± 1=> ^jjjLaa] 4 jajjla 


: iij UJ1 Kj'iiJI — 1 

■ j h‘= r=>i ji ^y> 3^ :«L_aJs( - 1-1 

i^jiicJl Lc. 

.Afll TrV a I t 3JI 34 J_y\j aj^>-al I Jj^jl-'L) jjL._i.a-~JI pit I j! -q- ■'■*•“'' jyL. l-» 
- L‘ iJLj. C , .dfl l’ i -ir a l l Jjaj ^oJb jj,_ia~i1l ( aJb («J lj| -j-' M-*.~.il 

. J^JbtaJl a j a ... 'i 

:c^.UlcJ^UU-2-l 

i_xjJL«Jl 3 !) 3 A tl«Jl ^ji bjjjsj ■ j ~i < —>i 3 ! ^jOjLa ^ 

.(Solute wiiJuJi 3 !) Al^bJi Ab<bli 3 _aU «3 ,£=>i «CLwi£=> j 3^3 ( solvant 


" 1 ^ 
tl3jjJl 

Cu 2+ +S0 2 : 






lMI 




J3l=^ 
l l jULbjySJ 

iDicUUilpi jt- 3-1 

^y"-V 

d_i>-3«Jl3 ' / AjJbuJl fUjbj^SJl JJI3JJI t j r A t _y» v J3Sx~i :<UJjLuJt S) 

.^bjbbU 20ib ^3 (w ) 


:<=\_ 1 


. Cu 2+ +so 2 4 ^jji!> ill JjLbji^=> J3Jbto :Jlla <4 
.^b^SJl jbjJJ dlab JVC. ^^£3 .Lbbj4^3 ivJjbujJ Oljjja*- ^A :iUajjj*Jt ^)jJb«ll U 

.^SjS^u J3bta : Jlx4 




A ■ 1 1 .A II Aj I « II j j 












ovliMV ouVx9 2 oj>9)\ oA)q\ 4 0Vx)q\ 


:K -S^liAl 1 2 

^yibj4SJl i.n'i ^5jLuj j\Jib J%j j^uaxt J ^ laaa ^_ys (|V«>) t^f>- iu^liw 

•J3^ ** a I ' cj jlaJt./ ^L^SJi jLjJji iju1/ J!( U) '»g»j < 
[0| f ^ifb iU^liaJl i? 

[V] laJ^iiJb ^yuliu^ ^jdalill J2-i ^b^gSU' ^ jjJl •.[/ 

^_yjL)^SJl jbjl 5JUil :I 


R -£ 

K <n)~ r 


.Ji 




G-i 

[/ 


:G ^Ul 2 2 

oL'^^aj 

:^l ( V) ^lk (/) 4 a m ^ J*e3l>- J ^l>4 aJlSUI 


-[SI, 


kxi ^yb 3 _L> ^laj3 cLklSbJl : G 


-^-(GBF)- 

_ ^ _ 






L 


u>" 


'Ci J^bkl <ui3UJ' ^wLij —a. 

l _yC.Jj jlgs«j AjlSbJl ^laj 
(^JSLtlJl) AuldbJl ^i/LaS <lJL>- 
••^va AjlSljJl djb . allV j 

lag i_i.i .An!'a (S) lag ia ,n.h j j ;_ " -> j n,^. 

iybb_*jSJl OjljJI Jjijj ^5JjbJl J^bfca_’i j jLuaju .(L) 

Igj^ \SjmijA .GBF a ij~t a-> i a !■ ji jj j~*'’ jlJ^U.j 

(J^ )Ajt-lj-aJ 1 4~i. lit) ^jk/laj lt y,j> —j al i4 >J jb > vg^= jbj 


. ( U g ) g * >1 a l 1 j 3-aSUi ^jJa 
.J-jbLaJ 1 2 JS—~ J *_oaj ' a*^—. 








































4 -jl * 1 1 J 4 1 i 4,_AaLJl ^-uLj-3 5 \ u Lx4 j%c 4JijjJ^j , < ijlSLa^ 



43Vjl!Li 


:<Lal£ * 


KSh 






s 


( OhfnGtvG ) ^aii ^Liu ji^...i i G ^L3 ^Sl4J * 

i? 4-4 jU t a J l 4 4.>3 i _ j )lC. t Ja^a3bl3 .^CbftjLOuaJl jjJa aLsj^j 

J ,-4j (2 ^-*43^-4 ^ — 1 ) ^JjLUl J ji-3e-4.1! 

cliMaJl ^j-4 LaMkaj! G 



^JjLUl J^LsmJ' ^4 V=S.L ^ststll * 

. 4 j 13ljJl 4 -jlL>> _ _ ^... \ 


:4-i3 3p^ill -\iAao^ 4 i-flsli ^oUs 3 

:G c^-Ja A-ijnJj S 1 3 

5 ,^4^-4-Ul ji^ji 

4-jlL-xLI S *tlrvnll J^4 v_jLu/ljuj ^JjLi J jl~» 4 1 G 4 uJl3UJ' 

uLuJl oIajUi :Cj 



G = C,. S 


*G(s) 



:G^vjLc A-J^l oaj (X.) ju-31 2 3 

6 jiaji 

■ 4.jjj«]l J>_ia..-i J^-i L JLxJt A-4 LaSLc » ini\ i"l ^JjLu Jj )l-» 4 1 G iulaljjl 

.> u«LuLJl OjIj aA : C. G —C-,— 

I 


G — C\C\ — ^ * j l*a ) AiuluJl :£\uJuuu\ 

L 



a . 1 1 1 . . ^ 11 ^ j 1 » ! f j 



































axteUU auVx9 2 ov><})\ VajV^oq o^VJoV 4 


|s|_) ^u\2uj 4 j M i )l :G 
|S.m' 1 ]_l l _ > ulij3 iU£.^iJl iUliUJl :0 

41l ^yj J ,^4t4 ll C 7TU>... :S 

[7TJ 2 1_» j 

[rM] _> ^\'n»_ifli«r>)l JLsjJ) L 


G-c — 
_ L 


=«■ . ** £' i Cj C 2 = O £*es$J3 


G = iCo 


..l/ifc'l (Jjj .4.1.1 VII Cijlju G — — jl.Ut4 ll U »III I • ^ --> 

L 


: G«vl‘U» c^- c/^LJI J(C»>J,01 ^jb - 3-3 

(C) Ujia. >.»1r<Ti G tuLaUi * 

yjUuLuJl JjjIj $jSi -My G — C ( 
a ^Wuj G = f(c) oW^’ i 


.4 .hllll ^uLl 3 4-iijtJ 

C ‘ 5 ^ ‘ 

a 3 C = O — o-i! G = fl 3 C U^a G=C — UuLu 
L L 

L a Li 

4 jJ^ll 4 _tC^jJ' <UlaLJl ^ J ^ ■ ■ ■>0 A — i^i^i i i 0 ——-—.£* :^ji Jotj 4Jua3 

^ s 


(S.m 1 ) _i ^liug iuliUi :CT 
(mol.L *) (mol.m' 3 )-?^=>jJ\ .C 

(S.m 2 .mol 1 )- i^Ujj 4 jJ^ 1 iJ uliUi: X 


CT = A. . C 


j jj! 


.4*«l£ aJa»VL* ✓ 


C < 10 2 mol/L j:^- i»JL>- j 


OldMadt 3-Lfc * 


d-JLojJl Jji^LuJl^ *(X ) A fc J^UL 3“* ^ JjLfcL ~> * 


X-iX +X ic 

_L S+_ Ell _ 


\*-)^\**, aJ oW» '-%‘(X) 


4Ju»3 


x=x + x 


(X*) (X-) 


"S. i I jj 


^ ( ^C)4^JluxJl JLlC ^LuJ ^1 (X ) ^ 1 "*• ■' J_l£. JjlB »4^dLsJl ^^ 

•• JLiJ l>- j^ 4 wiaSLj iJJ »,Lfll x?b4 Jj^SLj (X ] ^ (X ] 1 JjlB IjJ^ .(^JjlxuJt pistil 


X-X [Xi+X [X] 

_**__ _ _si:__ 


3jLlx1Li 44jLuJI 4-»._■*■'. Ii ,t*aj Lijlja. jjt j.:. li ^ys jj jj ^'. *•"—■! j jUiJi J pistil Jj O^ 3 ' 4)3 

.(Kohlrausch) c :iuJUUi 


. 229 , 



















: 25°C X iulyill .\vc ^\W iilaUJI 4 


Mn 2+ CZ‘ 

K* 

Na* 

aajLiJi 





20,7 7,63 

7,35 

5,01 

X 




(s.m 2 .mol' 1 .10 r3 ) 

h 3 o+ 

HO 

Fe 2+ 




JuJbtJl 






35,0 

19,9 

10,7 



:C c-'l J_A_b j_) 1 5 



J^i 

n : lmoZ]J>«JLi 

V: IL] jJJb 

C : [ mol/L} 


C = 


(wjljdl -j'i' jjlc ) ajUi 4 _i o^—> 
JpJULi J3ls«il 
•—il-lil rtlu*—> 



m, 


n = 


<\J Ajju jaeJt 4jJ^il 4.1-iSlll 


‘ n (mol) ~ 


(g) 


M 


g/mol 


:[X}^\^4J\ jJj&\ 2 5 


[X]~ 


JJLC 


M 


(mol/L) 


l X (mol) 

V, 


(L) 


d_JLj_;-aJi ^y/(2 3Q 


jxULl J^laeil 





















o^liM oaVx9 2 \&)V $>09 0)\]o\ 4 Ol>Jo\ 


IiAxllxall — 6 

■>»-»•" 1 C\jl3 Ajilcj ibal^j <LJli >~.im»_iI jxjell j AjuLa4_a5L!i .j' 

s jOJla»Jl ^-wjJLj P% Ajo'Jiu A»-jJj ,M AjJ^aJI rt'il'i^—> ~A-_j'_La ^ys V <Ux>a C 0 

:^j \.juJLJl 

&_jL» ci ~ 1 — 6 

: A3^jl!Li ^IrTi'i aLaSUi 3-LA A«_a 3 .rtifl ill jS- 3-illl TYl Ai'i*—> -L>Lil 


(g) |»l jjJb Ig tic ^naTt'i At»,i'> iltj 



100M.V.C 

P% 


m'< UJlSJ( ajuii _)Jloj j^j 
V Aajfc>- -5 jjl jLuslILi aL>- 4_>- IgC jJu - 

jLulJI Laj- l _ 7 x> ^lr->fla ll tUJL) Jla£_i 



:o_ 15 I_ r_>L jls - 2-6 


P%Aj^liu Ap-jJj d*C£Vi±=> -Sjlstj J^bca ^waC a \A-. AaJt>- Jj)l-»a j- ■ •*»-»■*■I 

: AjJLUI -111 jlmt ll ^ a Vi MajJ 3II Allu^>3 

A 7 t._ 1 _Ai.ilj AS^laJl ^j_a AaajJ -jLa> -Lxj .(j»ifl J^lbtll) ^jbtjjl J pistil j_a V 7 U^>- JLvij - 


, 100 M.V.C , - , . . 

V , , =- .(tnL) _i i^.iic Jartj 

fmi; P%.rf 

.V jIjJlILi jjai'i Al >-^5 AC- 
. jLasJi < _ r b> j ^ cUJb Ja^.i - 
.-j^UcxaJl J^latil ^^Lc J '. 3 JLjjll T . A->-^SfcJl -Uu - 




























VlHlVtf 


1 


: k ^b laj^ dAlaljtJl OjLcaJl 7 T-i«uo j .llaj>- ai ^p«x<aj i i>i J 1 

j jj « 1 l l .jA^=i 5 ! ,jpjLa j^a 'jj* 5 A laALitJl • i 

• lAJIJ^ QJ_1 

ji j g ll l ^SLgj ^ >i 51 ,jOjU j_y) j^a 5 A ,_yiijbtlll jSL laJAtll • «_i 

.5-ijjell ,_£lsJLi 

•fi_.it- j.^»-»~ * ii u> _■'•■»• u^ 5 ' vj 2 





NaC 



KMn0 4 


S r 



CuS 





V 


r 

cU f |_4 cU cU 

JJbta Igjlc, J!<■:»-»• 111 JjJbtll jijjj JA . 2 J^jLuJl Jl^uJl J Alxall u_ijbtjJl J J 3 

• ^ >l2i! SrtjjLa 

J5^' J) •- a ahVi icU20mL jl^-i^ Jf= l 3 j'j~i *>-! ^-ujUi 3 : ( __ 7 Lj La J 

.J 5 j«£=> 30mL AxlLJJa t J 5 jt.fr> 20mL ^ 11)15 J 5 =*f= 5mL 

:J5Jb«Jl }La! 

wi5_u^i 12 3 

J^it 

aJ^ljtJi |%u>! 

.^iUi J^btiii ( >_jlAll) AJ^oeJla (. m , u ,)l) Jj*il QJJ J-jl4 ^3-llu La IcLu 


JxM 

c~ .’, 1-nj- 1 _J 1 

Jj_t«jJl .ajjjtll ^^jaJLi ^ j.i^->! 5 ! ^jjjjLa jlj J 4 ^u-ibt ~.4 1 l iaAitJl 

.IAA 54 

M ^ 5* ^AjLa __w> 5A j\C. LajJjtJl t 

. L& jl54 (jj-i j j j a ~i H .o-^jell 


jLjj-AJi ^5,1 ,x 11 J *^^232j 


























(ulijViM oaVv9 2 oj> 9)\ V&jV ^>09 0)\Jb\ 


3- 

-3 



: AH 3 J 3 l-v_. 1 -» |l ^ 3 ] Jj 

J->2l *J - 


1 2 

3 


J3 3tt £ji till 3! J 33 .SU! 

an 


till J 33«SJl 3I till 

J 3 ^' 


a jul3U JuLJl ^^3 .(jujbLLa (>_j!_La+ . ,i._i.\a ) j .clll 31 & *_u. ill —> Ij) J 

3 j 2 3 1 JJbdt JL>- 3 ^ ijuij .LuU 

• • 

. LuU ^ftb»4 5^iL dy>igj I jJ ^jo*jbcl4 cLJl3 4 9 r° ^ 

J .-jl^J* w w U «j 4 


jl\ + SVq-uj 
4 jy£. 


3 

U )AU 1 ^ 0.4 


1 

iA>3' 

^jjubLla 


'I 

4_i 3 ] 
cUL 3 J 


ll ^y> ^ *•—»'. ' (3 ~ .' a ‘~~• djlaJl 3^ : {Solvant >4 IQ JjfcaJl 

.J^lutaJi j Jii l£Lu^= 03SL jUi ©jUJi^ :( Solution aqueuse -jLuJi) 

.tloJl 3Jb . ijH' 4uJl w ' 3SL y^jJl J^LstaJl 3J& : k _ y iUJ' J 3I-K a l 1 

2 


O 


~&—|H 

i r 


: AjJLJI wJjbcuJl ja>' 

n 8 Hh 


i r 


1 


(» 33 J j3^=5 J} ■■ a 

Na'Cl 


l» 3J J344a]! j 31= J 3bta 

(Na* + CZ; 


3SL1U |J 3l-* a 

c 6 h I2 o 6 

^1 . ll At j-*~ Ji Jj • I _1 1 

a Jis* (*-^3 (Na* (aq) +Cl (aif) ) J 3 b**_)i j jUUt j$jj> 3 • u 

J3l=t«Jt 31 .^33.13^1 3 3!*— > s 33"^.,.„a 

i^Lla n *•—-»i j) i.,1 la ^jLc. cUu J 2 

i _ T ii j 4 •.->■;■ H -uMaLv • 

JuJbtil j 4 inilill JuMaL*. • 

■ Iao^II 3-T»U J3I3LJI3 . jLXuai' 3-HU — J' 3. ’' • l ^^~ 1 * 



















a*j) 

j 3^3 JdJl>- ^ ^Lu-adl • I *J 1 

. 1 iu^Ui ^ (Na- (aq) +Cl (Mi) ) 

.1^3 v _ 3 jLj^SJ' jIju.Ii jOjwo <^ 33 ***^ j Jji3^*It jj} • wj 

J^H^' jjj-* C/ (aq) j Nd*^^ AjJLCj 

j ■ )'*"-> 3J’*' 1 " a j Cl ^ 3 3 Nci (S) <Lilu3 ij) j±t. 

^j 1 '.'y a~~ i jW-j 1 "‘j ^ ^JLULi^ a■—'^ 11 ^jJaZLuj V igjla (Net +CI)^ i* jj ' 

^jlj ^gSLli jUJi Jijj Ajlis. C 6 H 12 0 6 J ^Lstli jLLa JuojJjjJi ^ybtLi j Lai 

. ( JLc aji 3^-' j 1 JjJ 

:vJjLc.i^jili J1 a 4 —>! _i 2 

-•• '- .^-. ^j3'^Jj' ^ A i >•... 1' -jMal>- a 

J .;__ < _ y 4 Ls»il AJust^Jl -j^Lab*- * 

!>•> '(jll ^xj _ •!-:_ .jLXuall 3=«-i _ - 'jl^.T. ll ■ * 



: AjJLjJ' Ajj^xjJl ■ ‘ Ijlj 

£u3j *\ «■■■ ll KSO J jl-> a ! l ( JJ u j ^b^SUl jlj~.ll v j3lj J^l-xa.i IglLi .TLjuijj A3 j j Jl> 
AjUJI Jjlci f<j . j »~ ■■■ “ jj^jJ jJ a-a_j ^~l.*-»~ a .^jGJ-ila~< a ^.~.j I, Vta jLuuJiua Lgjlf 

.JSLlkll 1 a* . AiL~>UflJlj 

^j,i->*A}(CuSO j, §H 0)tL3j3^' c j-Ml3«J>J'>ljLjuj\i=Jj)l*xa v j.al3*j^.A ) J^~nrjfl. < -ill ( J33fcjJii 

(K Cr 0^) AjJ12lj jjJl »lila j j'v j 1 

3 All 1 a ll A3j 9 J 1 ( _ jt Lc iaa-Mj ijLa • 1 il 1 

?djljJl ^ ^jJUj^SJl jUUl jaj Jjb • w) 

wuil^ v j-a ^ j mi J\}\ A3 j ^ 1 1 e~ jA Ileal' 3 Jl>> _l 2 

■ lr> igllj . Wifill Jw« ^_}—’ 

? 1> _j3l^jjl^ .AjJjUll J-Jlsall j Jiill AjJI Ojl3 J 3 













ttd»W\ oiAv 9 2 0J>9)\ oA)o\ 




^ ijjj^'3 uJ'jjJjjl U^3 jluijj! iLilealill (^ic. JlxC JaILlU <L 3 J 


' J^r* 


. 4tii‘~~>lxa y ~>- Cu" 1 4 ^ J5 Gf\jO^ ( n< i) ■ij'3“* - ^ Jbu-iLi vLU-2 j^uju * 

. bjs*^j •Sjju La l^3 


.ajljjt ^ } 4 f==> jUi j-aj («JU • _1 

. JULuall 1 Jiu! ^jjl 3 ^b b Cr 2 0 7 2 ^ ^ d_JluJl 03^ 3^3 ^%J' 03^^ o! — ^ 

. 1 y '.'. £ \ t v 1 i it ^3 jji ^vb Cll 2 * I d t *> ■ 3I' bJ3^ 3^3 3 J J ^' 03^3 

jLoJl j3j-^ ^yabaj ^-b«*hD'va.A^ ~ig •>• ^ cujjLiJi ^ Jj'3*iJ' JIaILj) _j 

.aJL>-i3 ^4>- t aJu l^jJa Jjb3>SJ^ JliuJUa Loi .^jLi^SL]! 


4 


:ilrrb 3! n-otv^u > i> 

Jbail r j 34 1 lb <uLali)l ^Li 2 ui> 3 ^-aj -i 1 

: JLJl J£hJl j 

LijLJua Lj L>j 4 ^d l^j^j . GBF Jjjv* -»_i J 2 

- . _y-Ul-> Ibl 

. JjJo J2-i Ueff iaJ^idi ^Lia jJ 3 
• A.bl- T *-^ OjlJ ^ jLaJl jLuJl ffi/f v- ^“b a jN.iij J 4 

jn '1 J^LtvoJl c 3 ?*J G cujb^SL'i a_Jl 3 UJi ^\su J 5 
leff 

G =- : a \LuJLi (/ruxia-JJi) _y..i=» v•ru 

Ueff ' 

. vlii_L>3IJ A^aJlaJl aIa^Ji j (S)_> I4J "u“ ■*.••■•" ji _’ 3 _l>-3 J 6 

t _ r 4 » *. J (3 |Jpj 3 4 '» 4 I ' ^ 7H_l flu'll! J3»T>« 11 | '*3K3kj! j! il / 

V"= S L iSjLulIIj 0 La»j3 ."djlflLiJ' _w —3 iul>-" 
^JAJbkoiuoJl _J^-J JLauJl 3& L 3 Anjilirt J 3^i 1 1 ~ '-TV ii S - •■_■*«- 

• AjJLsLJi ^bi AjlLtJ (R) <U 3 Ul 4 Ji _j jla0 __yi' GI i_liUJi j 8 


® — 

—®— 
L 
























M3 






n 4 


n J 

A J 


n_ptu 3 J 
J 


cKM 

?T jTrnr-l J 
^ C -I J teu a J 


((G) ^k(S) ^iliti) 5 <— 


^j -4 .(G) l^ijlalj L Jk.(S) jOG J! r>.\^i ^ ^ 

: 4 jJli]l Ol ^JascJI ^-H-l Gil j 

< * * , 

i (N *( a ^+Cl~ j^l^n (Jjl4 .loibt* LpJLa ^ t)j- xa j. uV» i * 

lO^mol.L 1 

j j»«ll c Jj«Jl £liu j! 03^1 3 •( 3 ^ 1 “-!* CriJSLii 3 AjlseJl 3 5 OfTlL j]I£ ubj * 

4 _ s JLc. jIlu ^3cm) etajuaJLi (/) djfcjJueaJi , j&j£- jltaaj) i(h=0,01s) ^j-a 

• Aj^JeUl dlAs . ~i i\-j jjGbtxOuaJl (L) Jutdl 
iU^JLl ijui^ ■ 3 ^—■ ^jjO j j^.T -4 ll (S) Aj-Lull SjLxC. l i- > C i • I J 1 



L 

■>: 

■(f) 3 0D 






.(S) A.q-jl3 ^jxu>I • ^-J 






.JG> JGaJcaJ^ijJl ^SjlgJeJ Aj'ln./^Ll _1 2 



A 



Ieff=lA 3 Ueff=l,25V L yu r uC> 



T 

.(mS) _) eUliei! jUaifllxll <Lo_x£ . Im~>-1 


•. JUJl JjJtstJl 3 gjUjJl 03^3 •dal'iit.a ^5=t» 3?"^ O* - 1 3 

G(ms) 

(mL) 



h(m) S(m 2 ) 

U 

e 

(V) 

I e 

(mA) 

50 

0,01 

1,25 

1,0 

100 

0,02 

2,5 

4,0 

150 

0,03 

3,4 

8,0 

250 

0,05 

5,0 

20 


?gjj 


.JjjUJl 3 ^LaJ • i 
jxlJ ljL« i G- f(s) (jjl^jJl ( _yjje-i.I l (SoKji • e_J 

.(S) 3(G) (_^U eLaMjLl _L>- • _f>- 


jL) i a H ^^JjlJI ->!j 

























avl9Vv)\ c»Ai9 2 ViuV^>09 0)U>\ 4 i}\>Jd\ 


Jxll 


S=hxf 


a ..-a J*== w -a ; j*ju' - v oaJl S) jla—! • 2 l 

S — X ^yD^jdl j' l^J 4**_i fli<"all 

(S) ■>• • «j 

( -3cm=3.10 2 m $ h = 0,01m :U.jlJ 
S = 3.10 4 m 2 ~| 4 S = 0,01x3.10 2 ,jj! 


G-0,8ms 


i?7lA / 

siAl!» G =->la i >b aaj ■ G = —— ol rvLaj 

1,25V ‘ t/ (ff 


G=f(s) w »uji • -j 

G(ms) 



iJjOaJl ijj 


srm 2 ; 

G(ms) 

3.10 4 

0,8 

6.10 4 

1,6 

9.10 4 

2,35 

15.10 4 

4,0 


j .( S) d llitll jl^LU jl j ' I—' : T' "■ ' * ■ "' 


■AS) a G 


-l *'«3 >LU' J» 


J5.till ,_y) cGJjbuJ .ijLxll /y> .- i~>-^a <ft.L.a a ]q_>- aJb ^jLyJl i> ill 

.(<v_ia~t»ia It (Jju« d 1 G= d l S :^o! . y = flj X 


6 t-uyuJl 

^lc AaijJl ^jinjflx*) (L) JLayJl jjjij jb«jl J! <L>_^suJl 3-Lis jV->- J»4 ■ V.lg’i -I 

:<UjLjJl £yij billj ,_L>.i ^v» .( G )lg'i-j.LaU 

jyjjuu * < Uli ».)l ^ i (Nil* (a ^+Cl j^lisa J ^ 3«a ^4 250mL,£u*j 

JuxjJl IgjjS joj . 3_y> ^ 1 ~~—' ^ i Is j Ue W wlyi ^ ->•_■* __*\_i{ JL ) At. til 

.(jxjialjjl ^_y3 c_yxJl glr~>.») <G-ilj(S)<\a_ia,i jaia'.-v^ *_a(L) 

£jUJl v _ 7 Ic i a . G <yJ ■ j 






















L(m) 

0,02 

0,03 

0,04 

0,05 

0,07 

G(ms) 

14 

9,4 

7,0 

5,7 

4,0 

7 (nT 1 ) 

Lt 







.HjIj(S) ijl ' *—■»!~ ' ■ looj^Skj • i J 1 

VL»! • u 

>~tn> 7 ) ljl» . G — f2 ^^ il l (a^uji • i il 2 


• —5 ( G) ijjj AiMaJi Jl» • u 

L 


JljiJl ^5 rt>~i i ... a 1 l G = CljS JjjluJl Ast^Uu Ajl t'm i^flj -II 

•(m- 2 - I) 

s 


. G =o.— ■• 0"® »• t 

(f} (<7) J» J—^ (a-ui* ia£i • w! 


dxll 

S J^-U j'*—■» n ■--»' 1 j-aiu jLi HjIj (S) Jji ^_y> [xj-jj^xh V —>1 " » ' ' _J 1 

i Lt.ill ( _ J k- £_o ~.-».j n , ~-»ll Jj»(h) j i)aill e jj*Jl .'i-ia.i ji .J jin-U 

JSLiJt 1 a^—■> .lag i_i i >Lulii (L) 


L 

K.H 


e-e- 


3> 



U 




L(m) 

0,02 

0,03 

0,04 

0,05 

0,07 

G(ms) 

14 

9,4 

7,0 

5,7 

4,0 

jCnT 1 ) 

Lt 

50 

33,3 

25 

20 

14,3 


. 11 jj . a 11 1 f J) jlj 























i“)9U\“»U5 2«.>gU VaiV<j>j» 6>VM 4dU\ 



iulSUi . i I AjlBlJjl cUlL>- ^Jktr i 'a.1^1 ^jyj JjuJl J'j Lal^—a s^ULuuwl • 

—) Cl jr*i KiV-aJ' • -J 


: J£_Jl ^yA djJjljL4 JjL.il' ^yA ^yAA ' I ~>~^A A\aA . - a . fl.... J >1 I i J) 


. cu jll-» ^ 'l ^ 3 


. I 
G=a,— 
? L 


: jj! . y = fl,x 


G=a .— '-iA J 33 G =a, S Ujl»- $ ^jLJi ^ja 

L 




5 1 

AjlLxJI wjjUu — u tm_i j ^ i jjA dAjL>-jj cLjX-^jJl iuisljjl O 

L 

K =— « , » ' » *> 1 j fCw3^3eJLi <U l m] <Ci_L> ^^ 

L 


r 5 
G=a,a,- 


njl ^>*3 


< 5 = 0 , 0 , ^ S 

-L_£ g - a — 

e L 


G rt ~ i _ i l^ U ^jlc. J^isklt j _.—» j ~> jjjlj jbuj <u^3kl]i a jjb v j-a ^ >g'< 

:<UJllJl <U_^ 3 «aJ' Sj?*i 211 j Jd-i __wa 

(500HZ)ja l^jJl L7 i£. ( GBF ) jJ$J louuaaj^ .^U.7i a i \A(400mL) AjJd»J| clc.a ^ » >»'< 

.(Ueff=lV) jLlUi iJLi^ 






















(Na* (aij) +Cl ) j 3!^—> jw« V =1 mL Uj«i>-. flj i<Vi J 1 

gic^OtlOmol/L' 1 ) 

•SjLuJL 0 1~>t_iC j jl^-) ^illl Jj)l*i»U jji , !*-—>□ • I 

. C ^.4 ^ > <i n *^ *'9 c=c,- 

400 +V 

.(G) A 4 - 43 , i<n>.i ,(C7 g = IV) j (I e =-0,034mA) *iAaci iujU^gili SjUJi • u 

V=2mLQ+u*jA tlc.^ j J^Jbta jjja ( ltnL) <UjUi 5j-*J ■ «_<■>»» j 2 

:<Ujli!l jjULjl ^jLc sjl^a iJLC <ULa-xl' j^SLj . 

VOnl) 1,0 2,0 3,0 4,0 5,0 

G(ms) 0,034 0,068 0,102 0,136 0,170 

Cfm.mol.L' 1 ) 

J j Jl?» )' • i 

G = f(c)£)\+? • —> 

■ JjLUl ^yjLaJl J^bt.^LlC yi'rr-t jUljG iuiaLJl diU»Jl JL>- • 

■ (C )3 J 3 l?«.AiU G <U£^jJi iuiaUJi '1 i'l .hi • j 

^uiBUJl ,_,f. ij .~i iLi X i-‘ i_i~>- (7 = X.C _)SLJLj » il£j ((J) tji v*~— >U j - 

.(NaCl 3^ ua) o_ull AJ3I1 

{ £J- )<UJLJ| (Na A L ~ >- y Q l l * I (X) < " « 4 IC o! _J 3 

** ' " X.X^+X^dtfi 

G = X Na+ lNa1 + X CJ [ CM o' • ' 
( KOHLRAUSCH ) ^113^3^=) J3jli jSaa ,_)a • -j 



JxM 

n = C : Vi f jJ 3 I -04 i jL» a - 

^yjl A jl-Wll tlc.3 J! eGJsLia! JuA JuJo«Jl j}‘~>jA - 

• _^^...i i -^JLi i\j»400m ^ i x 


^9-L «ji -> 0 ^ 94 fy| 








axteViM cmAxS 2 \& jy <£>09 ibUA 4 <^V>JoV 


c=c, 


7 


400 + 7 


c= 


i-illl A m‘-—' 




400 + 7 400 + 7 


C=0,10—-— = 2,49.10~ 4 mol.L' 1 
400+1 

C = 24,9.10 3 mol.L 1 = O^Om.mol.L 1 


. (mL )_i -l>3j 

7=2 ml U 1 jC *u-l5sjW> 


C = 0,25m.mol.L 1 

G * - + jL> • 


C = 0,034ms 


t G = 


0,034mA 

17 





:ji (tilsj 


UjbaJl c,J^ • I «l 2 


V(mL) 

1,0 

2,0 

3,0 

4,0 

5,0 

G(ms) 

0,034 

0,068 

0,102 

0,136 

0,170 

Cfm.mol.L 1 ) 

0,25 

0,50 

0,74 

1,00 

1,23 



c; oW 


• -3 


y — ax jJSLjJl ^4 AjJ jlx4 .ijuil jA J > fyA <U-J-4 i|4aiL 


jjOjttjluJl jJpjLuJl i'U>a II l . Aj.ItcII JLulj fC ■-l-l,. '* - 

\ a, r , . a, ,, 

O-jUi jlJu(L4 A a. 


G = K O :j «laj 


—— = K fi-ua. jo 0 = ——.C :Jbej Aj-c a . K O — a C 
K ^ K 3 


























. iij |i j L __ 

:JL»-i Iflil.n bjia jfrgjl j^LuJl Jj j X =\ ^ + X 

X = (\ ~ ■ * 


(J = \ C . .iC'i jj 


n.. ' "a- u “* b * b! * 1 * 5 
+ \ c ,).C 


Na+ 


Q = \^lNa')+\ n } Cr\ 


oi! . [Afa*] = [ C 7 Z~] = C i .£) lo^k-^lj 


(*.>• Ju AiiLuJl A 3 Vjl!Ij (7 = ^T^\. j [X l ] diMxJL Jcaaj ^^jlS * —J 

•^3^3^= J3^ 


8 

^ 5^1 .(Ca 2 * (aif) +2H0 (mf) ) . U k.k ^ j-UA J 3 b ^4 

.C=0,0268 mol/L 
l HO ]j /Ga 2 *l jojjUJi ^-^= , j h • .si 1 

fllLi 25 °C aj-jJlJi X fuialili, sj 2 

X Cal . =11,9.10 3 s.m 2 .mol 1 
\ HO - =19,9.10 3 s.m 2 .mol 1 

.O A lC y \ ll A il A l ill . .... -*.1 

.G iuiaUJi a«j yn.,>-Ui K=2.10 3 m a_iU»Ii ijj *j 3 




JaJI 
•1 1 


C=0,0268 mol/L (Ca 2 + (aq) +2H0 (nijJ ) j$u*Ji ^^ 
1 Ccr LujJ Ajil (1) 4 ^b Ca 2 * ^ j uj un. li <S j* J j. 1 ^_'' •" '* 


(oq) >=* 

Ca 2- = (Ca 2 , (aii) +2H0 ^y^LUi jj! 2 Ca 2 * 


(aq) 

_s5i 

2H0 ^ ^ Lijjd Aj ^ (3) HO Ia q t £ ■ '2 j n '* ^5yu4 li jjjlIi la—* 


[Ca 2 *]=C=0,0268 mol/L 


[HQ ^J=2C=0,0536 mol/L 


J-»! 


4 • 1 L^uiJ I |A9 ±jlJ I j lj 












oMloaVti 2 ox>sU Vfia5Vs>og o^VJoV 4 MsJb\ 


•■ J j' CT <\^c. i-J ivjjALJ* —;L—>■ "J _ 

CJ = X Ca 2. [Ca 2 ’] + X ho -|HO ]:o^!» 1 j^jii 

a = X r ,.C + X HO -?C -cp! * [Ca 2 *] =C 9 [H0]=2C -.jSl 


G = C(X Cai . + 2X Hn -) 


HQ_ 


C - a026W = 0.02f ^ . 26,8mol/m 3 


10~ 3 m 3 


<U4j .(mol/m 3 ) J\ (C) Jj 5 =«j^Ls«j 

a =26,8(11,9.10^+2x19,9.10 3 ) 


CT =l,38556s.m 1 = l,39s.m 


-i 


-G ■.ai iii ii . *j 3 

G = l,39x2.10 : jLSfcjJs» G = Kct: (ji(«laj 

=CP! 


G = 1,39 x 2.10 3 s = 2,8ms 


9 t-Lyall 

4 ul> J' * ■»"■ -i*. C—10 2 mol /L j <ulaUi ^uliu 

1=2,90cm ' *(j'■ ■a a q'*i j i. !•»a lAl'o P.^-) AjJl 3 UJI 

J ^ l^i.d j 3 ^jl 1 i v^peJ' 
jl*j jULlii* UA 3 h =5,Ocm 
.U 4 ^uu L=5,00cm 

G=3,50ms iwaiJi iuliLJi 

CT A ,C J ill A ilal i ll A n i A . 1 jJ 1 

. . 'lijUta ll djL^J 

(»dJjla-a iag. • i il 2 

.tUJ j NaCZ fo) 

[ Cl ] 3 | No | ? T i 1 . 1,1 • _i 

.O AjlC. 3jJt iuialjil Aj-u^t«~i 1I Aitjjfl.il _L>- OA'lllT.u^’b il 3 

.CT J <*j_ujjtjJi3 Aj_pojJi jfcj ^jjLa ±J 4 

X Na =5,00.10 3 .s.m 2 .mol t »\cl =7,60.10 3 .s.m 2 .mol. 

































JaJ! 

Q 

:OjLl*JL) ^Uija . 4_iLaUJl A j\>- . "i.ilj :jFC .‘uxj (7 = — . G = K G :|ji (%iaj 

K 


it-i- 


£ I JjuJl 


K = 2,90cm 


o = 1,21.10~ 1 s.m' 1 
_ iufei _ 


k=s 5x2JD0 t K = hlL l0 & 
5 L 

3.50.10' 3 

i CT —-— :AJl4^ 


2.90.10- 


«.UJi j NaCl(s) <Uj 1 ju *li»2 


NflC/fs; --* Na- M + Cl M 


‘\Cl I ^ | A/fl’l ^!=> • «j 

[Nfll = [CZ]= C=20 2 mol/L = 10 moZ/ m 3 ,LujJ 

• . -.» _ j 

a = X N<r [Nfl + ] + \ cr [cn .oil* 0= &Wji^ 


a =( X 


No- 


+ X cr )[Na1 


«CP! [Nfl1=[cn 

O = (5.10 3 + 7,6.10 3 ) 10 


=1,26.10 2 s.m 1 

_iSSL^_ 


*ji! 


cUrv>-i -i a_L>- jUjaLi-U Itgjl Jau G 


*G 


,~i»^ ow ^jj^a u| j 4 


o 

= G 


_*£>“ 


-Aj 


<A . it lj A A II r.y 1 9 II jfj 













wljUH ouVxij 2 ibV)o\ 4 i)bd>\ 


10 uLtyalill 

■ 1 ^ii | ^juju l^J S^. Sj. S. 4j iLaJi J_JL> a !l ^j. ~n 1 1 0 4 j i fl lJjl ^wG-3 

^cjljuJi ojiis 25°C <i>-jjJi .iif ijjba <uJl 3 *Ji (juflii c — 4.10 3 mol.L 1 

•.Jj u^== 

Gj=l,16ms ( Na ’ ( aq) + Cl ' (aq) ) j_^=> J 3 U 4 

G 2 =l,37ms 

G =1,3 3ms - 

j _<—» _p ,jl^ 4 _<!■*)' ^iia 1 1 («j ^Uili ,jl UJLc. .G(Na * (a( ^+ NO.j ( j 1 
.25°C juc. C=4.10 3 mol /L f ■)_<' ,jijo J 

Uuiij . (C 1 ) JjJb^aJ G' 3 =0,598ms j 2 

. 25 C 4^jJ ) . 11 C a 4jJl 3LJI 4 *!*>• ju fl . i ' 4 JIajlui^Li 

. C 4 4-1$ ?wi_LJ_u' 


( K+ (aq) + ^ (aq)) J5^= Ji 1 ^ 

(K *(aq)+ N0 3 (an) j» ^j-ulj ^jJl jljo J ^bca 


J -> • _l 

(Jj = \ No * [ AZfl*| + X c( |CZ ] :^a G 1 = K Oj jlfl 4Jluli fC 1 ija. 11 1j! 

+ ^n) '->->! ‘ INo*] =[CM ,o£l 


G^KClX^* + \ cr ) 


idjiA^ 

^)aiLjl 3 ,-^-jLa j *(C) \ jL^TT>yJl ^ail.) j a i~, 4 \\ *il ^ -■ 1 ^ < 

■ 4_il-i»ll i ,1 G . aG Uj-t-ilflU 

g 3 = kc(X K *+X N or )* g 2 = kc(X/+X cr ) o-ii 

Gj - G 2 + G 3 :4jj>jfcJl tuLaillj Ua 3 4ji iaj»-V>j 

V i ^C/' 3 ^Na o* ^ J'>^ ! 

' G Na + ^ N 03 -) '-’ d-^"“" 1 ^ so3' $ ^ Na * 1 ' 

(Gj-G 2 +G 3 =KC(\ Na * +X C( )-KC(X/ +X cr )+KC(X K 4 +X NQ3 
= KC ^Na +Kr K* + Kl + ^K + ^NQ3 ) 

G J' G 2 +G 3 = KC ^Na* + ^N03 ’> = G 


g = g 1 -g 2 + g 3 







G = 1,12ms 


=lP! 


G = 1,16-1,37+1,33 

iC 




n2 


G 3 = K C (X K * + A. NQ3 ) i s 3 rt-utt Ju 
G’ 3 = KC(\ k + +X N03 )« s ' 3 J^IWJ iu-Jb 

fC Liaui^ (jOjUiaJl 4-a_Jaj 



, 0,598x4.10^ 

1,33 


. G 3 
! J->! ‘ 


KC 


G' s KC A...+X ) 


K - 

r ._GVC 

:Jbu ^jaj^JuJLi *- ~ 


G 3 


: tLud ^ 


C'=1,8.10 3 mol.L 1 

1 1 

J 4 ^.1 3 J KMnOjs) j».~il A < aj-i jdL»Ji 7,9g -Lh-^j 

,250ml jUjlIi lJ d> tUL rtjlr 

S«UHj« l AH <Cl3Lj jua lt _y± \j»j j ■ A-»'l J jl> 4 !l ^ul 3 AI 4 • 1 iJ 1 

.C J 3 I 1 ajj *—>jj > • u 

li j auc>.34J1 jji3111II J34J1 3J1 ^t'i i~<.iii jJ 2 

aJLj-i^'ia li aaUJi 4 ja*~—»■ ■—^1 J ^ M i_ia ^y» 100ml ^^Luj laa^>- _ib>-jJ 3 

• 4j 

M(K)=39,lg.mol 1 . M(Mn)=54,9g.mol 1 . M(0)=16g.mol 1 


JaJI 

.(> 3^-ulIi j_Jl Jjl_i. t b.ajj y . ->> -11 J ^br.-a.. <_ ♦ *J I 

(K*. ,+MnO , ) «L<j' 14 All 4*1 i i.^~i 

-.J3.l3t.4D C ' J 34JI ' J ~~— 1 yjl _ll...>- • _l 

n = — 1^4 aaUJi 4 > 4 <: —» -A -.n . C =— oi/ 4 DL 1 

M * V 

jOJLl J3l,T»4 'I : V 


A , il \J . A 11 ^ JxJI jlj 











axlsAxM cjbViS 2 ox>9)\ \&jV<£>0<) oA)o\ 4 0V>2 q\ 


m 


V=250mL=0,250L m=7,9g.lu jj . 


M(KMnOJ=39,l +54,9+16x4 =158g.mol 1 


C = 


7,9 

158x0,250 


C = 0,20mol/L 


m.M 

~V~ M.V 


‘(MnO 2 

KMnO.(s) —K\ + MnO . 

4 ' ' foq> 4 (nq) 

» ( 1 ) ^5 aLuj _> jut 

O-i! 

•a 


[K* faa} J = 1C = 0,2 mol/L 
[MnO Uml ] = lC = 0,2mol/L 


.Jjt-» * li ^ytlOOlTll j aa li ijlaJt a -> —>U->- »l J' 

^■■■ a 1 J^>-LaJl J J~' OV^ "*j ^_yt\Z l lyxA L«al> lj| 

. Jiii ,j^~i.h (ri) ijLaJt q\ jjC .4_La Jl>-I jjl J^l^aJl yi 

C=0,2 mol/L j V'=100ml =0,1L ■.£* n' = CV' :^aSjQJ 


n’ = 2.10 2 mol 


4 n’ = 0,2x0,1 


(^vuyao t-livij) 12 i-ltyaiiM 

o .(FeCl 3 ) (III) jujusJi 50mLj*as*j ji JZjy** -itji 

l^ul£. JL>*^ .jL< 4 , Jl^aJJ _3^Ji ■ *i*% 1 la. V i C . C=lmol.L 

FeCl 3 ,6H 2 0 : JUJt J..W.H 

? 4 La^L*Jl o_Li ^yJu I jLs _1 1 

. 100mL. 25mL .jtj $a«Ji ^yt ajl ytsut Jc s -j 2 

. SOOmLj 

4 

ll juasuJ ^5 jOtaJ 1 li;Lx 4 i*- jj- ^t 

J jl-> a ]l l^j^j J . J>^ibaJt Jc ■—o tJ JJl( m) dUSL —>-i J 3 

J ,jt-> a " i a-L>-l j~ia ll Jjljilill <U^a_ - -*-—»- -.■■-■•»** il 4 

M(Fe) = 56g.mol\ M(Cl) = SS.Sg.mol 1 M(H) = lg.mol 1 
M(0) = lGg.mol 1 














jujjkJi o' FeCl 3 , 6H,0 ^Jjatuiili o! - 1 

AJb. j JSJ13) (6H 2 0) c u 6 i£i UjV. (FeCl 3 ) a±>^>. J^ 5 li (///) 

.(<ulu3 

..UJlWi Igj ^jlaJLuj ^ ^LJL) j <L>-j-La ~ a _lp-I j jLx. l _ 7 Ic ^~n»~i <0L>^J*-—• J 

■ pL^aflj V 3 .SjLij p^Ju ^ .■ ■>»" < jLjJl J! jJuuaj ^.ill f^3*a*Jl 

<^x> o' iHLa jlxaJi '-la ,_J! oi-*- 4 w "*’ ~.’ I&UVLa ij) . 25 ttiL jLjlJi oj 
<L to2 .U..L'xj '■ Vi» . j ‘ —»' j\ Jil Ltpt_>- \ g _1 ^ 1 '■■!.>. j Ijj Lai . 25 niL 

jLjlJI Hai>- 



lOOmL jU1>j»Ji JIajuLuI aI! qSU.j V 4 50mL L*a*>- i _^uIx2lJ 

500mL j 

I jut v .tLaJLi IA^Jlaj . 25mL <LL>-^j*Jl Jia^’i.iil A S 4 j a lb 3 

1 (JCa kL S_^>J o^a fO( 50lTlL J jl-*a) J^Jbtll l_LS> O- 4 ^^ 

50mL Aaa» J^la^a (J Lc. ^ ^ . juli^jJl ^Jll fl t 

/?! iiiSJl H.i_J > Jl 


m = CMV 


.. n m , 

spj’ 4 C — -=- :pl (4JJLJ 

V MV 


M(FeCl 3 ,6H 2 O)=(56)+(3x35,5)+6(18)=270,5g/mol 

m=U270,5x5.10 2 ,pjj >V=50mL = 5.10 2 . C=lmol.L-l 

■ lgj>J pi c£J>ifc4-)' (jJLC. . . I T » J j_yjl it U a ftl l 


m-13,525g 




:dJud^ 

J 


l(FeCl .6H O) 


IFe 


3+ 




iUJi j FeCl 3 ,6Hfl J^Ui! 

-► 1 Fe 3 ' * 3C1 . 6H.O 

iaqi (aq> 2 

=C=lmol.L * :pj! • (1 Fc 2 J i_s^a^uSLiuJi jjulIi pi 


(aq) ' 

I a ( J=3C=3molL 1 ipj> .(3) jACf' (n<t) J j;>»jA-....i» jjL*Jipii^>y 


. *.l jj . i 11 ^ j I a II j| 













oxlsUH aiAi9 2 0J>^\ oA)b\ 4 OlidtA 


__) 13 Ol^gaII 

.C^O.lOlmoLL 1 Oj^jj NH. t jaUjJi j*(2L) ^uj Jlj^-i 
^y»28% <A _< 11 “rrr) Aj j i J <Luuj^ d = 0,95 a ~ '■*—■ L^jbsj J jl-» J ^<a LiVlaj! 

.d_il'i^!l A fin ill t J^gjlj4.iSi ll ^-lLajlj ^ jjl ^ILa^a^sJ' ^£>Va J 1 

J a. It k _ y Lc. Jm>'l ^jbfcjjl J^Lselt __w» aJL>-i fWfc3«Jl wu>l J 2 

. *» ^lUfc ^ u 

. Jj)l*»a ll ^ i~u It i _ JT i_iJjjjl. n,. j ) J 3 

M(N)=14g/mol . M(H)=lg/mol. 

Jxll 

■ P% A^>- jj AjljSJl ll A im ill 

:'. j;_ i 1 .}!_>_ ^-_-_,L ■! 

.<Ujb*uJl jALuJjl J J' 


100.M.V.C 

P%.d 




:M AjJ^ aJl cUJlSJ 1 . 


M(NH 3 )=(14)+(U3)=17g/mol 1 

P% = 28%. C=0,lmol.L-l.d = 0,95 V = 2L ,LujJ 3 


V'= 


100x17x2*0,1 

28x0,95 


c^k J^a=«Jj3 


V'= 12,78 = 12 , 8 mL s0 ji 

J a£= -SJ 

cj^^j jj! 2L jLtc. j J l jj»12,8rnL aswJi jii»Lj 

• £Ujll ..Ln'l . jlxaJl ->■ ^u>all cU.b 

SjiV=2L A«t>-. NH 3 jaLUJi (j j» J^Lssa ,jk. .1 il.<r>- jl 3 ' l' \ i jj^SLjj 

.C=0.10 mol.l 1 














14 I 

A j * ^SLxi j jl]> “Jl ^J ^uaJl J^j JlC bjjj\3 ^5^J-5e_2 

M=149,9g.mol 1 aJ^Ji idiSJi i P=90,0% S^LaJji 

(Na* + 1 ) ( 4~iiji^-> 

.l£jj 33 .SjLqJ' ^_*a gl i_if Jl>-L 3 rt ll jali_Jl ^_>-jJ ^w 0 ^flTr ill ^-ilj' £j 1 

ll sUJLl Ig.ilf ^U-j=aij .<d>- 5 ^- • m’=8,2 g JLp-^ja 

?C^jAiteJfc!' ^ 3 I' ojufnjj .p£4JJggajl J 3 J ^9 . flfl-a-d J^Tta . 500mL 

p J; ' j.--«ll Jgliro ^_pO 50mL t^jLuJ 1 * 3 *^* _L>-i Si 2 

■ AoialjJi gv jl.>- g\ 1 ^ ^L>j'3 .ji» i.i a *‘^35 J ' '\(Nn ^ +J ^ ^ ) 

.R=20L1 4 a j all -L>- J jiatll gLa^Uia .<Vjdi«l! cU-iL^jSlil DjIjJl ^^icl 

G <uiaU A^jJi ■ ■■■■■*-! • I 

.CT Jjl-».all gUiC.3 _l!i tulaLJi a a ? ~i i~i.ni • ._> 

S — 4Cm 2 JwO gA >lH /-I ^J*-—> 

L—Ictn ^jj*iflnall ,J\j , Vxill 

gyJVjLl ^ .-^-V A ll J jl-> g. 1 1 Cjj^—t yjl a_)LiX. JL> y=> _' 3_1 L3 Jla’l'lmb • i si S 

•o-V ■*•„.■ 

.C j ‘ —*/J 1 > tm>-l * _j 

jijjJ J - ■--> ’ I J^jJ % P ialijJ' <L>-jJ 6 4 j°i *t~i t'uxl • I sJ 4 

?* pi i^jbujl p^ji ^jvsmJI JlJ -3 lj| L»_j > _ji_i • wj 

A =7,70ms.m 2 /mol.\.. =5,01ms.m 2 /mol -.pLlajua 

i- y _ Na+ • _ _ 

Jxli 

p j J ^yt 'i 31 3t9 J ji Jljl ^ 3 JS . l_l& _3_L^jI Si I 

: G g^l9l_J <.V*_i2 wjl.n>- • I Si 2 

t G = — = 5.10 S:jj|.G = —pi ,-q 1 p 
20 U R ^ 


G = 5.10 2 s 



j>-5jL1Ji J 9 i. O g- -|T 3-*- 1 AulsLlJl 4 e rULiJ—I * 
So „ S 


:JLs«jAJua9 G =-pjj . K — — 

L L 


G = K (J : ji folaj 


^ . J j . j 11 p^lsjl Jlj 









oxlsiViH cuAx 9 2 ox>^)\ ViajV^^og o)U>\ 4 i)Vs)o\ 


a = 1,25 sm 


S=4cm 2 =4.10 4 m 2 . L=lcm =10 2 m =LujJ 
5.10 2 xlO 2 


-i 


:4JU»j 


a =- 


4x20' 




C 5;Uc. « *1 

o ^ a+ [Na ]+Xj.[I ] !( jjj a = ^^X j [X l ] 

tlgjl ,j NflJ ^ JVjfcjl <Ujlx4 --ai^'i 11 ] j [ Nd /Jl -LiJLx.jJ 

Na/., tUJ '^ . Na + , + /- . 

(s) -► (aq) (aq) 


( 1 ) (gq) 3 Na' fa ^ J£J J-Lxll ji Jits-V 

:Jl^ OJ iUul^l [I (ari J=lC Leaji 3 [Nd* ^J=1C :(jj! 

° ^ c+x r c = c ^ m * + h> 

■ ll d^LaJl i _yia 


C =• 


X Nc+ +X I- 


s^p! 


C=- 


1.25 


5,01.10 3 +7.70.10 


sC <i 4j^ _lL_>- * 

— : jLBfcj AiuluJl 3 jLl*JI j 3-* : 


mol 


C = 98 - — = 9,8.10 mol/Lj\ J ^ C = 98mol/m 3 

20L 

P% ?; ;.i ^w>- - j_:> • *i • 

n07 100.M.V.C ■_ 100.M.V.C 

P% =- : -‘CPl m - ^ C* ^ 


m 


100x149,9x0,500x9,8.10' 2 nn c .. . . 

P% =-’-'---=89,6 

8,2 


P% = 89,6% 


j 3li=JLil b 4 jdll fl ) LujJli 89 t G*%) <L)j)*ti‘*4 l 1 33 ■£ ■ w ' ! 

cllr-t-xi 3 _i ; .4 jj Jfciil 

T <)~l i 4 )l iUl'vLii j» . l^=G _l3 ^jOkaJ' 1 J ; -"• _ > ~ i 













- '■ 3_1j> o.' 1 

djlll 4 l > 


4J\>Jo\ 

laWg^OQ 0 )\)d\ 


* 

liivoLl'iHj iiJi&xJI V hlUJ' uAJl! JtliLill — 1 

•=u— 1—L)l^? I cJ^r ^2 ^ ~ 1 1 

i 1 laLiu i* 

a uJ-u : JjJbfcJl ^5 lg_ij^j l _yjl rtjJUJl l£j.1 ' j jl.i'i >•] . i J llji iVjLJji ^uii> i 

. rtjJUJl jtjLLiJl l _ y Lc j3U1 v -ou loL>-^lj^ ^ j3L# . tulips JJSD 

JJbJl 

J^Jb** 

,_yea4»- J$L*-o 

j^aJl J^Lsta 


^JulASLII j^Ui 


^4>-i 

JflLLui 



. aU.t. 

«U.:. 





A ,, A a -»1l . fll'iVi 

lfll**^4 Ij^J ^LajLiud AjujjIlu^^ 
- ^ \ g I) L a-MCll ^_4 


cc-4—» I—Ui^ c.^-a41 ^ - 2- 1 

^cujjLi aj 1 aj 2 £l 1 

j *>'^1 H j ^ , l'>i 1 1 ' J_uaj _i a 1 1 —> p 1 

^c.UuJl ^uJij tLui j 1 —*' <)l I_la > 1 >mj.Su ^jjl cLui 

. ) jjl.»4il^ll 


AH + H 2 0 

cUl 


a _■ ..-> a r» ll ^JjJbfcil aJ 2 41 2 11 1 

uJu U^-> tUJl £-d dlcliu J^S_ia AH 'jAj JLi S-llc. j-»jj 

" (A +H 3 0*) 

■JjiM 


Hcl + H 2 0 


an 


J^-3j j ^4 11 j 3^> 

j$J —i»J) —ul! dll) 

( ^Lul jJJ 


(h 3 o* + c/; 

J^b*4 

aii j > 


I all J| / 


. M f=z? 

a . . 1 . A I I /\ n 1 9 I I jl; //r\r-r\ .' 













OyjVjuu 05\Jt>\ awO cxxxao 3 h>^\ \& jV<j>o<) oAi>\ 4 ObJo\ 


hno 3 + h 2 o -► (h 3 o ♦ + no 3 ) 

( s2l$jX\ ) jJLjyv-u ! J-L' !jAA>- J^bfc4 

H 2 S0 4 + 2H 2 0 - ► (2H 3 0* + so/; 

JLuy\5Jl j, hA> ^wLi >.1 aj ja4> J 

CHfOOH + H 2 0 -► (H 3 0 + + CHfOO) 

J 3 J 1 ^>*LJ JsJl _>“*»• 

NaOH -► (Na* + HO) 

KOH - ^3 — (K* + HO) 

t ~ AL-f^.M a / 

^- ^-‘ // O j j j l ••• - • 

^JLJ ->^l) j'\ . Ijin*"—»jj. Ugll OJjlui ^_j41..IJ.7) : ( OH ) ijjlajl * 

( —► ) L*lj (J^Sj : Aj^aI 1 ^ • 

H 2 S0 4 i HN0 3 . HC1 ijc. a 4*i - 

( ) !»D j^L Alclflj jL j.i all : ■ A.a^-xi 1 _J.-1»-» !' • 


. <LJuual^s£jjISL)I ,j^sL»>-5/I .CH 3 COOH ,3^' JA4> : AHaI - 

( -► ) Lalj l^icliu ^S_) ^yjl i'l * Aj ^A ^jn.nbf' * 

KOH. NaOH , Ji* - 

(-) ^Lj j\C. Alcloj ^J^Si J jjl : ■ flj1.«~i ^w'Lm.^I * 

NH 3i CH 3 NH r NH^-.Ji*- 

j^j*j3j(H 3 0*) f>^-LJ jJ.lxgjl jLLj AJ-2 IscaJ 1 J_ 1 4Vi sA1a»-Ma . 


. (OH ). V 5 J j Ll*_j Aj.mL^^I t> ^jJl*a-4 1' 



:(AH/A VLI 

+ H 2 0 — H 3 0* 

i_ ^iLul 2 


/ cA-*-* £ ^~’l—^ 

+ A' 

2 


h 3 owh 2 o 

AH/A- 



3 


253 ; 































^ l— I / 9 - 1 4 

i J 11 ^ w ^^ 1 -' ^ ^ SJ 1 £J 4 

: JIW 

,(Na +OH ) j^uaJt 3v» £a (HjO +C1 ) t |ii y Jg.Laj 

: <Li^a*JLll 

J$ll o 'j Vo = 20ml <u%> sLaJi jj)!*—■> jno ) J 3 ^ubj 

J 3 UU ^J ^l^l i ^j^Lxj 3 BBT J^ 4 _jlj^^Ji 3jj'0 -4 aJ - flj.^~i 1 CTct -10 ~mol/l 

Cb = 5.10 3 mol/l aji‘-—>ju jJ j)l >4 a^.\t»ihIi J 5 


Cb = 5.10' 3 mol/l 
Vb = ? 


Ca = 10~ 2 mol/l 
Vb = 20mol 



H 3 0 + +CT J$l~> 
BBT ^a + 


1st cu 





(H*(aq) + CI ( aq)) + (Na + (aq) + OH (aq)) 

— H2o(l) + Na 

+ (aq) + CI~(aq)) 

*UJIJuu^’l 

cv 

a a 

W, 

Omol 

Omol 

A 1 l**N . 1 , C\JL 3 fcJl 

cv-x 

a a 

W-x 

X 

X 


CV-X =0 

a a max 

c v-x 

a a max 

X 

max 

X 

max 


. ^ilSLU' Joc-aJ' w U.Ui 1 aJ' ^jaju J oJbJi'-U& ^4 


p^LlJI jl; /^OC/ki 










O/jVsd oi\Jb\ auOtmsj 3 cu><))\ V&W<£>dQ OiVJoV 4 (]V>Jb\ 


ijcU^MI 3Av^S!l l Ji'4clii - 2 

1 1 


Ou3 




_SLoJi 

t 



h 

k. 

3-La Jl±j 

1 

\ 


▼ £y» Ah ilo 

(Cu‘*+SO : 4 ) 


-1 ~»- i' I A ~n ■ L-i 


O" 


bfcjjl 



jJJfc-U ZftJ-Ll'j A^iihis-I ^ubj 

3j 3^' 05^' jjj^ 1 

j$J J! (Cu 2 ' (afJ +S0 2 ^ (af) ) 

1 JjU lajvMj <**« «ujlll 
cJpjtJl __yk: Cu jubull Ah i\~t ._j..ii_p * 

J (Zrt) j-a U^afl lifliioi 3 J 3 (Zn) a-»j n,--» j _4 
. _3UuI/ 5 jO JLxj J jbtll J 5 J g iirtj J ^btll 

! ^ • ' - a -^ ■ ~ iMf 1 a' ll .' i^. l-». .... a • n 

v jjaAaalj : <Lj ^wOe_i 3_)J J! A~> . 1 J 05-^^' “ 1 Jny£ 1 ^i )l*>U ^v4 Cu ? 3jjUij l 3 > ~t > 

.Z?7 rt>ifln-yi 


' uj’ »>#' ■ 

2 Iflfl'l <*_L4 Sjj J^3 J pistil j 3 j j .a- i ll Z/7 <L 3 KJLAa 9 , - 4 b^ (J- 1 ' c33^' ^ 

O' J! Zn 0- 4 dj 'ti 1 "—> <Vj a*" - ! J$p- $J AaLajJl j »~uu*15 (Zn 2 ’ ) 3 JjL 1 JJ J j-* i~> a Oiy^! 

1.4 C- j\iu .wSlflm ^J^i^il 03^ ^ 1 ^ 1 I. ig — - Cu - h i.'^-i 

: ^OjJUJl tflu-> ill ^JLijLuj_i5LJ [ jOJ jLxILl J.AW 

Cu 2 ' + 2e ~ Cu 

Z77 — Zn 2 * + 2e 


: aUjUJl dJjlxaJl ^lc. Ja£33u O ;'1 ill qOJ-S'aa- J\jlA UAJ 

Cu 2 * + 2e + Zn HZ Cu * 2 + Zn 2 * + 2e 

Cu 2 ' + Zn ~ Cu + Zn 2+ =s_ii£j jjU 3 >SJ>''ajLc Ji_)a»Li 3 

3 A 3 ) (Ag * + NOj) rti rt fl l l^jlyo CUjj*>- i'l ,_wuLsfcjJl 0 -» *Oaj :2 

: <u!li)» TLjl 4 m*.. ' *> *>*«j ( <_£Uluj J<^1^4 




















CilJU J jlstJ 

(Ag*+NO-,) 


i\ r 



1 1 

i 

5^ 

3-La Jbu 

- ► 


* V 


«ZjU ujdso J ^3i Jjjji ^ir <U^xaJl ■•■■ j~> 

Cu Cu 3 *+S0 2 -^l»jJ. yu. ^JJu>Ji 



V \ill dL^> y ^ui 

a]&jum i (Ag) iwxaJi 

<UaaJI *jljij J^bos bj^Sl 

.(JSliiUl) 

J^]b«ll 5Ju> .Iii a 

-i5?-3 ^^Lc. 0$^L 

.(Cu 2 ') AjjljjJ' 


s ^yjljjl J 0_l^)l l l . lui'V A<J~lfl!l . nilJo : ^ 1 ■' 

A g'm + !«• = A g„, 

JjajiSLJl 2lfl *£ Sjj 'J — » . ~>.Jia^ i _yjl ^_vub«_jl Jjlj-J JX ~_b (Ag) 4~i I HI ~i*-=! j5_Ul 

Ag + +le=Ag w 

^£.Uu <U f»l3 JuClflj.ll a JUuJ==)^a A jam t LLiUS _| ajk£Jl , n.i j^->l (Ag*) loj 


•£>j! 

. j.L..^r>i J^Uj Aj ,»l9 ^jjl ,j£.UUl 5 aju*J ' jJ J^JvSU' 2 Jij3 Ajli3 (Cu) Ut 

£l>-jifl itUjLaua r_a V i...C—, ^*i isj jJj^o *j^>. ^4j£.l»-ji[l aJUuAsi'l JlCLo3 i _ t Lc Jj«T»U 
2 j ^Jaifi 2Ujbdl o^ioj if) i_LS> -aJ_i J CjljaJ^SJi’l JJLC _Lo*-^j Jlxj i-Ub^ 

2 x [ A s\ aq) + le — ** A g (s) J t^y 

Cu (s) - ► Cu2 ' (aq > + 2e ' JcUu 

2 A S\a q) + 2e +Cu (s) - * A g ( s > +Cu2 \ aq ,+ 2 e "** ^ jUil £** 

tJbkj JaL^JiSUifl JJLC Jl 

2A S ( aq > + ^ U (s) * A S(i) +( - U (aq) 

'» 4JJU1I J!(NO ) Jji J\Ji Jl Jjl^UJ ^^^5 <\3LubLi^ 


2( A g-,„,+ NO- 3l J+Cu,', - 2Ag a ,*(Cu^,*2NO- 3l J ~\ 


_jLm_—« iJ I -i.j I 1 I 





















O/Axjj oiua\<j) 6iU>\ ouJfimsj 3 Vis3V9>OQ Oi\Jo\ 


3- 

-=5 


oL>^ L*J - 1 - 2 

. JjU^jiSLW 1 JjZ AjiL^jV' a_Lu^=>Sfl ^^cliu * 

^Jb 4_i f 1 ^jd_i ^jjl ^C.1 0 ~t llj j 1 *~~—> 1 a ; Lj^yvSJ' > im~iS[j j A Jj3 __j o-b JUu^»3^JI * 

• £L?-j! j£.Lflj 

^t> 4 j p^jji 7>i y\ IjjjtSJ! . 'fl<i_i w ~''j * •‘~' Jj^3 — 1 ^ib ,*_>• j.aJl * 

.OJLiu^s! 




Cu 2 *. . + 2e _ Cu. 

faqj (s) 




/ jj—5^_* «=u5LlI3I - 2 - 2 

: 1 4_ij.Tt.~J I Lulj 

— Cu ZZ Cu 2 *(aq) + 2e -.2 Zj j^jJi j Luij U^r 
Cu — Cu 2 '(aq) + 2e s 4 j 1"i*—> ^>Saj 4ji ^~i iim i 
Cu 2 * / Cu : l _jA / Jmii—> ^ >a <LJ)LlUI J 


red _ OX + ne 


A — A n * + ne 


: Ic JSLxLlJ 


OX/red jjLjLJJi jm ■ I y 


iujlZJi OX/red 

V -1 ■ *- » ^ 11 

£^j^Jl 


h*/h 2 

H* 


2H* + 2e -— H 2 

MnOJ/Mn 2 * 

MnO / 

Mn 2 * 

MnO 2 + 8H* + 5e Mu 2 * + 4H 0 0 

Fe 3 * / Fe 2 * 

Fe 3 * 

Fe 2 * 

Fe 3 * + e—Fe 2 * 

I/I 

h 

I 

I 2 + 2e ZZ 21 

s 4 o//s 2 o/ 

W 

w 

W + 2«- = 2S 2 0/ 


-3-2 

’Wn S 0 itH j_j Jalafcj 3j_ibs_j 

: _ajlg.ll 

JOjjla-a J^jjl J■» ■ Jj t < i->~ * 

^=J^' 











ol* 


■V*r 




V 


'Jfl* 


ij 5 UI yOLJ ( _ J ljC. I A~f I j Al<T'.1l Al->Vi If ■ * 

J 3 J' (jjLu J^Jbta 
• A^jJla A^\“»>u ^iluj Nci^S^0 3 

ct uljJe31_lLs lf->li>4 .J_aL>- 
(^j^ ^S<)~iVi SjlcU) 


■jjji-u J <)g>- 4 ^j-«C 0 I 2 j$jJi ^Liui Jjist4 /jaV = lOmL Ujfc>- ^waj 

.c = 10 2 mol/l & Na 2 S 2 0 3 Jj)l-»4 A^-i-amli jg 

.J 5 U 1 j%iu lA-^.V'ifl T_,-> .,' li 4 VjJla£. ijuj 
: V»- w4 •* ' —— j J A i‘ll i >Jl Jji I <lf 3. U.I*— »^U A 1 fl..-> 1 |l aJjI»1' Aj ■'-*"—1 * 

spf/sp? 

2s„0, 2 , , S.OJ , +2e : j. 1 ...^->MJ AgA^ill aJjUaJi 

^,2 3 (aq) 4 6 ( aq) -= - 







l jX 1 K>- jjt /b till*—a ^4 a J M i '. M ^jl \ alf 5juuJ=a^U a J a.ft '. tl AjjUll 4 il 1^-1 « 

//J 

{2(aq) + 2e = 2/ («,, JUA-aiJl AJjUil 

X 






'■■■*-— ^4 

2S,0 1 ;(aq)+I 2 (aq) ~ S 4 0 2 ;(aq) + 21'(aq) 


<U£.b»j)[i a, ->^i aJjUa 


‘.^\ r-j 'JJl JLC-Uli ■^j-Ui v La_i 1 — 4 - 2 

: Ajj^'H^a \ i^|t • 

i4^-l J ji~)«4 Alr->ii i\$aH 2 C ,0^ j J jl->4 

. ( 2H' + SO ( ‘ ))^jli oj_^SUi ^ya.Ajfcli (K' + MnOj) 




. . 1 ^ . -g I I 1 • I I Jl i^25 
















O/Ajua bAi>\ auJ tmju 3 ox>^\ V&jVtJSiQ ib\Jt)\ 


: 4.4 Li a ✓ 


-%■ 

-o 

''J * LqjS jJi ajjUii !_jj q^Ui a^auj*_)?* ii ‘‘ | + Mn0 4 ~) J^l-»a QjJ q! 

■ (>~iliii» 11 

/ o. >111*^—>3^» (jLLljLlUI 0 1-h~i 

MnO~ 4 /Mn 2+ 

H 2 C 2 0 4 /C0 2 

a. lm*—>Sll ^~i i a ir-i ili jOJjLmJi yu^si 

: AjJUJl J-’U.ajJl ^Lu) £-4 

H 3 O (aq) H (ac[) i\jj\ J4 3L, Ajjifjt - 

H 2 0 KaLijLi : O 

(P ) JjLj^^SD^I AjSlublj {^Ju : 4_h3*«ljJl 4jjl^a 

4jJ“u4^jJSJLuJl jlO£.5flj •—j j>s~i 1L] : jS*- J OljLl]' Ajjl^a - 
: <UjLa_4 _|SLii | _ 7 lc jjl -Uil^T7^3 djjljJJl . I ■<: 1 :(!!.:- .>!-■>-» ■ ' 

H 2 C 2 0 4 — CO 2 

: (2) JJuJl i$C0 2 *-1 jjuzj(C) jjl$j s ( - I a •)<-*> 1 

H 2 C 2 0 4 — 2C0 2 


** ! ii 


H 2 C 2 0 4 2C0 2 +2H + 


H 2 C 2 0 4 — 2C0 2 +2H + +2e 


•■ 2H~(aq) AiaLubLi H ojl^i: 11 j 

: (2s ) 4 aLoL) A i.Tc Jill ^jjl^j s I ! I ' -L-aJc_ 


HpC 2 0. ,.„ = 2CO ,+2H'(aq) + 2e 


:Sjuu^a^l jj 

: Jlaej Aatjl~,']\ 'J ■■ a ■'a 

: £_b»-jVl JxliU 


M «°'^ +8H+ ^ + 5 e - = Mn 2+ (aq) +4H 2 0 (l) 


^uJaLatll l"il^—> e' Jl JJlC JL>jj ji >..43fcJ <UtCb«-j^t OJuu^s^l dj-llaus Jj^aaej ^ySJ^ 

.Sj^Uca £ ’ Jl ^ o%j .lg r » jr -j U JlIc. (_,!> '-ii a ^ ~i _i flu^ i ll 












: -lTr 'A (5) J 3JUii==i'l AJjLjlo ■ 'j ‘ 


5H 2 C 7 0 4 — 10C0 2 +10H~+10e~ 

: Uftiia (2) J^l <*JjLx4 ■ J 

2 MnO,+16H + +10e~ ~ 2Mn 2+ + 8H 2 0 

(H ) J5-M 5_)u*i==>^i aJjLxj jaJLIjUIi 


5H 2 C 2 0 4(aq)+ 2Mn0 4(aq)+ 6H' (a '—10CO }lg) +2Mn^ (0 ', + 8H } 0 


(!) 


0, Xjo*-—>aJjIaj ^yic InAlVia-w j ^GjjLxll 4l j‘r—> H * JjLi HyO* 1 >1 a 1 ~i ml 


5H 3 C 2 0 4(aq) +2Mn0- 4( ^+6H 3 0; = 10CO 2(g) + 2Mn 2 ;, + 14H 2 O t 


0 ) 


aA + bB — cC + aD 


i a ^h==> ju • 

lill ^jjLuj-iSUi ,Jf la’ll v _j5LJ 

<u,U.j.a j£li I 

'«*_> ..1l M. U~ Vl - _ 

d jCib. a. jji>HJ 2uj}Ui jutifi • 

a ' |_4 j4 ^ ^ ‘ '-"i jl ^ jC'i . )"*■' n Ajyu4 JjC’ ... Il Al JlC is | ^ rt ..." 

: aJUJI aljli»4 li (*lj i ) 'I j ^ j t ~~—■ JiUj —* j • 


T h_ = !h = ?CL = nD 
abed 


• i jUJi 


(^5il JJLA) a^UJl <U4^3 :M 
:(S) a ,l,^>1i ^ll-»li j . jjl^—» l y • 



m -^ ^ ,.i-^l< a 1 ~A—. 


4jajjj»Jl j\ Ajj jjl AjJ^il AilSJl 


n=- 


22,4 


jjl Vn7 =22,4L 


(g) Ajjlxll iUb*Jl Jj . i*-—ijll '-i! * 

jliJl ,-<k5t3«- 


v _ 


n=- 


Vrrr 



a-JL^aJI ^$1 « II J *j / /42g 
































(7) aULuJi aJIsvJ) j t ~~—> uj • 



ojUi Aii^= 3jUiJ 4iiSDl ® jU ' 


:<?ujLaJI lI j ,- 4 



>• (o jilt *SjX $j» JJlC ) a Jill > 










1 t-LiyuJI 


^uL-u *-JOLJjJU 

J 5jU 


OH jLi«*^~> 

3 iH + 03h>3jJ >. : ^^~> < v"i 5 jLo 
''..' A j*~~— 1 ,_lc.Lflj tLui j i>i 
1 _yj3yi£Ji rjj jLAiU SjU J^s 
a! 3I 


I ■ Ifl i . o (joLii aflj ^jaaaaJl JAjju ^iJt CiljjJajJl jjlc 

dxll 

: J ^jjiLuS^ L _yaafl*Jl v-fl._ij.jjl uLlbjlaj vij'Vb -La- yj 

f>1887 j»lc Arhenus ji * 

•i £>1923 |*ic ^j^j-juoiij^yj fiVjjJcjj *■ 

• 9- Aj * 

i '. j aj,; fla I 1 

AjjJcaj 

^ 1 '** *3^.' 

2 1 


(jAAStJl wflJ jJU 

./f 3I Vi djLa _J *~~—' 

SjjLi^ajia sill dJjLu ,_jLajLj v sill j v-j^JG La, lie j 


H 4 j^?‘3jJu^' 

H* ij3 j3j_j , itiflj ajla *~~—> 

^yj'j a_i*= jJx.Lflj b toil j 4 !*—>i 3I 
tj j v iinl^j ajLa *~—» 
ai 3! 


I -lll^lj-flJl »i 

J! j 4 *-—'i 31 SjjLi nJ.a -1 ) _yia-*ll * 

Jy4 j 1 ‘-*' 31 ajjLui v ^yuLu; j' * 

Jj'3Gj j.>4<_i ^uiaull J3 't»1I * 
Jjl 3» ‘ .» j- j- a lj ^yoilui^l ^31* *^ ' * 
0 . 3 ^.' ‘ «1J«.>»|I j J.3SL1 Aiclflll _g 3-joJ' _ya.^-TeJ' * 

03 S J Jj^La-1.1 fl^ii^il ^yuGulsl3 03SJ Ale liu 3a1I ^yuLbu^l * 

LJ ln* ‘.'jy J rl "~j f ^ 1 Jj3 .' l - J * > ' 1 j Juvlylj 1' . J3j3jv.ll * 


■fcjUj * a n ^3 LlJ 1 ai j 

















OyjVjdol o>\Jo\ auxS"tmai 3 ox><))\ V&W< 5>09 OiVM 




H^O 


■■ _jlc.ljJlJl c > J^a 

.^Lul I jj Ll^j }j-> ^j A A. Tt ll ♦ 

J.jj=l\ jl * 

• ( W aq )j\(H 3 0 ) j j t 'u * 

. (OH ( ( ). ^ j a ~ i j ^aaiLui^i * 

■ j»tj j±L Q^SLj oJLcLflj > ^yaATfcJij Lalj j^SLj rtlclflj ^$^jaJl » 

■ i»lj j±L^jafi .j J-Cliu ■ Lalj J5SL1 tviclaj jiiJi * 

Alu'y>- £a J r ' a ~ _■ till .rtlj ilr->ll ^ . H * 

•(H 3 0*) 


3 i-iiyuM 


^u\~i ‘—» £-4 <UuLuii j .10 ^JSLj 2t_. ilj a_,dl J .-111 4lfliul ,1—1 a~i *1 1 

. Adds / BciSS: ^£\ ^.>i^->-/^..l...i ■ a j ll'.~.1i ^£3 L^iLj-ai-so 4jlff ill .t.II < 


. (C0 2 ,H 2 0).HS0- 4(aq)> CH 3 C00H 




(aq)i NH‘ 4(af)i H 3 0 (l) >H 3 0 (a4) 
HCO-^ SO- 4(aq)t NH 3(aq) t OH (aq)t H 2 0 (l) t CH 3 COQ - ^ 

. AjjLuj JSU AiifliiAlll sLuJj^SJllI Ajjlalt ■ _ ■ ~ < —»i *1 2 


d*]l 

! /^^llLnl ~»lj 'll '■':l JLj Jl->~i U 1 

* NH- 4(aa /m 3laq)i H 7 0 ([) /H0 m .H 3 0\, /H 2 0 (l) 
iHSCT^/SO 2 ^ . CH 3 COOH m / CH 3 COO- (aq) 

.(C0 2 ,H : 0)/HC0] laq) 


263 J 

















Uj JSJ Sr, Ji Ajuaj^SL!Vi «dj>T« l> jj 2 


(LuLuJI 


h 3 o^/h 2 o (I) 

H 3 0- — 

H 2 O tt) /HO- (m) 

H,0 - H\" )+ H 2 0 

™W*H 3(ttq) 

H \"0+ m 3 Uq> 

i 3 COOH (m4 /CH 3 COO- (a4) 

CH 3 COOH (aq pzH- (aH) +CH 3 COO 

HSO- 4(m /SO*- 4lm) 

H S0 4<a4) - H' ( ^ + SO’ 4(eq) 

(C0 2 ,H 1 0)/HC0~ 3(m>) 

HCO, (a , ; = 


4 

« « 

.ilLLib».J \jjyj» jjL U_ijJ ^jL-ojSUl tali' iitaljua jjl>- 

F e (s)+H 2 S0 4(l ) — FeSQ 4(L) +H 2(S) • I 

C u O(S) + H 2 S0 4 (d — CuS 0 4(L) +H 2 0 (l) • ^ 

CH 4 ( g )+ + 202( g ) — 2C0 2(g) +2H 2 0 (L) • 

HCOOH +H 2 0 (I) = HC00^+H 3 0; m) 


\$_Ac 


NH 3(aq) +H 2 0 (l) — NH + 4(aq) +OH~ 

(aq) 

2S 2 0 2 - 3( ^I 2(aq) = S 4 0 2 :^ + 2I 


• J 

• -4 


6< a q> 


(aq) 


Jxll 




tLa + jla 




Lui + - 1 

^ ) laaj - 2 


dJ-ila-aJ' 


s (i) dJjtxaJli <Lu 4 ^ 


. 3 . 2 . 1 cLu^l>- <ui J)^ Igji' 


i\ J/^A 







o^Vsii\ auJ cmai 3 ox>^i\ V&W<£>dQ o^\Jo\ 4 viV>0t> 


j^\ ^j-—. j) a-»'i i 


i 

^LuL ja»> ^LcLaj jju aJjIjl* j O-i! 

. Aj^liaA-ll AjjLxil ■*<■■■_■' ! _- . 

H,0 H ‘ juiia HCOOH ..i*—>^>^-113 3 3 2 ■. _ 

H’. 


^LmU Aljlaua Q jj 




H* 


‘ "*•">! NH ,. t*—>^ aJ13 3 3 2 ^ "ij i^r>lj«Ji ^ fl*i»~i i — ■• _ 


^wuLudj jot> Jx.Li£i aJjLxa H' JuaJa W^O ,i ~'j " 


.djMDl <Uk31> if : 


_wXuLj i _]x. . fl; dJjljLA .’inijl ^^£3 


5 t-Lyull 

C fl = 10 2 mol/L jj.CH 3 COOH (aci) ajj^uo ^jji 

C fc = 8.10' 3 17lol/L s » NH^ jjLiuJl J^Lsfc# ^ 2 ) 

. (^ 2 ) ^jj»V 2 La^>- = 400mL ^ j -aii 

■J^ b fca ^SLl (^j^x^/^uLuii) ^Liul! jOjuiuajJi jJajJjUaJi . i'i^—i\ • 1 j 1 
.(S 2 ) 3 (S V ) JX> XJjbfcJl ,_ t j1_io_i , V ll aJj'jlj 7l.*< t'l.nl • u 

? jjlSllJl rtinfl'i ^jix. J.^-»'i t _ T Ja-V 7 . _l2 

.f JuuJi J^jbu Ajli~i.u^'Li (Sj) V' b =250mL lAa*->- ' ■ ■ ■■> Liji . >» j& ijj j3 

..XanA.il JX-lfl'iA il * I : JJL> 

.JxxLflJJt <L)l^j JLXC gujlt ■ jj • 

• u a.-.4 ll ■ 1 *^—i^aII JbJb«Jl 


, ( ,,l f i) * • '■' 1*11 a - ~ • ;•• »,' 

.CH 3 COOH laq) /CH 3 COO M 


_UJI 
• 3 J I 










CH 3 COOH (aq) = CH 3 COO; m) + H ^ 

AujLuJl* 




.fSj^rs,; _£\-J JjjbtJl ajT'l 'Jc la'll aJjIxj »u 

Jotj ^^JS^laJl l jj» H ^ aq) Jl^JL^I j ^JpiiLuJl < jOJjIiaJi 

CH 3 COOH (ai) +NH 3(aq) = CH 3 COO (aq)+ NH] (aq) 

: Ai-ifl I l _ r LC J jm>ll j» j'MJl fftJfcsdl __ll U 2 

.5 a Mb ^aitLo iul^j j lALuiaC.1 ,_yjl ( I 1 ) jJL 

■ d iy* J j .<~...ll . ~iM aU « ll jj lA-wV , Hs.—HL : _uSLj 

■ " " 2 2 

t cVJiuLuJl AjjLxll j Ajujjfl ■ *■' > 1 > 1*1. 1 


n L =C k V ka n=CV^. .. 


V = 0,5L = 500mL 



V u = 


ajutj 


10 *0,400 

8 . 10" 3 


b '-b r b 3 "a '-a v a-. jS .J 

C a V a _C k V„ 


jj! 


= 0,500 


I (*■>?!'ill 1 ~i— 'l ■) 3 

—■ jla. nh jjUijji J^laca ^y»V b = 500mL aJL>- Aji a *~* * *! 

JUjlLuiI juc ^jSJ . ^Jbfca jjic.Ui4 jijjjju NH (aq f3 CH 3 COOH (aq! 

^LUU^ *L»Uj NH 3(aqj jcUili jlis. ($ 2 ) J^JbtaJi j*V b . = 250mL Jii 

.IJl 3^4 Me Va\ a jyLa j 


. ll ij t ^ 11 ^ A ^ 1 • 11 jlj 














OyjVadol oK>»\ 9J oiVJo\ dixO CAXX30 3 bj><^\ \&iV<£>0<) oA)b\ 4 l)bJo\ 


OJAS-)' JjClfl ' lA 1 ' NH 3 (aq) 


■ j», kfl'ill J^JL> ^y> liMiaj’ l_L£i Tl~i i*i i»! luajl a.) 


CH a COOH (m) +NH a(m) = CH 3 C00~ (aq) +NHj(aq) 



n =CV 

a a a 

n b = C b V' B 

Omol 

Omol 


cv-x 

a a 

C b V' B -X 

X 

X 

<UbcJl 

C V -X. 

a a f 

c b v'-x=o 

x , 

x , 


*f =c>K 


: Ajutj C j ~Xf —0 i ^jjJ 


X f = 8.10 3 x 0,250: jbui 

X f = 2.10 3 mol 

t w lc l a~J 1 iuljJj , V11~, £j^a_]l - JjJ isth • —I 

: CH 3 C00H laifl> j^» ji * 


n„=CV-X f =10- 2 *0,400-2.10' 3 

a a a j * 


n = 2.10 3 mol 

a _ 


n'=X f =2.10~ 3 mol 


n, = 0 mol 


• UnjjtttfifejU) CH.COO^, 


* 

5jjLiJi * 


n" =X f =2.10 3 mol 


: NH^ , ^ ijjUJl * 











6 


AjJJ Qjirti .C -0,10mol/L $ . • *—> j~j Hcl J ^aIOOttiI J w.*.Su*i 

(jitlll (j-«0,4g *jji/v»r~i («j ^jJl 4 NaOH J t).l.->i4 ^^4 fijiaS djlaS 

.cU 200mL £ 

. C b ^jxuLu/ifi j 1 —' j ~ > _ini*>-i _j 1 
‘Aj-jLajJI -Lj.l:»j aj (JA • I J 2 
.cUi $NaOH j Hcl JMsti! Ablaa ■-<.'«^=>i • 

■ frill ^jiOJbfcll Ajjla-a > . i ' i *—= > i • _a- 

• * 

J pistil (j^V b =50ttlL laata- diiLia! Jux. jGlilt Jpistil Art <V-> g.'i mjmI • i J 3 

41 Cu~u\£zi v fl 1 LdJLiC £Olx)1 J^ Lxl l ^bLo * 4-J 

.(BBT) J ^ a i ri ^ jjJi 

.M(H)=lg/mol * M(0)=16g/mol M(Na)=23g/mol 

a^ii 

j^=-H -Jl—> ■*! : 

n SjU.1 &-la£=> > , . 

C h = — = --- Ol(*la-> 

V J^lsfcll («4?fc>- 

TTl ,_ilJll' a\~£-+ 

M Aooj 4-jL^pcJscJl dJuSUt 


n b =~=0,01mol ojt 4 M(NaOH)=23+16=40g/mol 


C. = 5.10 2 mol/L 

_2_ 


0,01 

0,200 


—0,05 -.ALxAj 


,- . . . • -J _. 

<ujl_Liil ^.414 jl>- 3 j ^ NaOH ^Luhfi ji (Hcl) ,JJl» L ^iaAs«Ji ^ 

.^Ij till j 1 / ^jm\jm\ 


A . J . a 11 ^r\ ^ I ^ T I 













OyjVjJbV oiuaW) 05 VJ 0 V auO emsu 3 \A)Vs^9 


=£ Hcl . + H,0 

(ga*) 2 


NaOH 


w 


-* HO* +cl . 

3 (aq) 


Na, , + OH , 

(aq) (aq) 


d'j NaOH JVUJ' aJjbu 


(H.,0' +cl~) ^IcLiuJl JUjIjuj 

(Na*+OH) 




2H 1 0,<Na- ( ^cl l J 


Jji um ^btll CjJou 1 _jSU Ajla .AijluJl cUjUaj£J| AJJlall > nn> 

.^jLxLo J^Ls«li j^SL j j n a = 

• # 

- rt fc ) <A-l 4 ) ,fl i_ig l_n<->4~>- jGljJl |jl£= ^ 'jlS 

^ 3 -« (n b - nj «U4 lJ iLu 3 LuAJ jGLJi ob=> n a < n fc ijya 

■.AXoa n =0,10*0,100 oj! t n=C V 
>3 n b =0,050x5.10 2 oi!. n fc =C fc V (i =^JJ 

^Jua j i n a > yi^ o' 

Jju^aj 03 ^ 0^ iJ^-4-jU vOlOI^d v fljurfS > LoJLxC 


n =10 2 mol 

_ &. __ 

n b =2,5.10 3 mol .* 











7 


: 2uJUJl Ci lei jl ait SU! 

A J —’' j\ Juu^s^il 

.^ 1.1 «_!*=> jJcLflj yi Jr-7 >\ jAl 

.Jjljaj^SJ 1 «Uii <LLj jjis fiJLu^sSfl J^liu 

.£j\jjj&l\. Axi pJu 3 A (j£.liu 

.jjli jj»SL!! d_jJa -q.~i_i ^Jjc-Uu 3A <U£.b>-j^i b, v<n^-»ifl J-c’Ju 


Jxlll 

« 

w 1 '- 1 *±^~~' lS j "'— 11 3' .j\i * 

l. ' 1 -' / *- l<: ~~‘ 3 ' U^jiSU! Jui-flj * 

.CjU^J^SU! JLiiS <U3 ,-nJb J^.Uj 3& OJLui=i(l Jx.liLj * 
.CiU^jiSU! w_il — ^=>\ <a_J3 («Ju 3 A j£.Uu * 

JjL <Ljj 3 ,-^jj |_|£,liu 3 A o, ini'—>^t j£.liu * 


8 



A ■ 11 <j . /ill A 3 I « II jlj 




















3- 

-o 

3 

i o 

o 

'l 

3 




JaJI 

—Cu (t) Jo^a3l3 . ilai. : • I 


2Sj0 2 3fa?J _ S 4 0 g (fl?J +2e » 

. JjLSfcuD • J 

■ ^ * -£} 

s-- 

^-X> UO • ^ 

. ree/ — OX + ne ■. $& jjL^aJt $. Uoi- • j 

9 oj^laII 


AjJUUl AojIjajSJI KJjLraJl jJ 1 
<uj aJj'i a li - ■ ~*-—■ ia JcUlli j qUI->.ijl1i .lui—iy ^*4.t.‘»l il)l j-i>- *j 2 

. Ajjljj ^JSJ AxiLuajJl 


Cr 2+ (aq) ^Al (s) 


Cr (s) +Al (oq) 




cU11 

i Aj-jL.a-iS.Jl Aj-iLtaJl Ajjl^jJ il I 

(+2) A ji _> Cr 2 .1 >- - -ji' ' _3 i _ 7 Jl 2 <LuL»^]I AjjwJl Ajjl^ai -Ljj * 

LlLuOjJ ( 3 (+2) A jawiill Lli^. 3 jl3 (+3) Ai=fciijl (ji Al" Jl>.^j 

■ Agnail 'jJUlljj (+6) I jiin-»l (2) Jj (+3) A i>,;.|l Lu j) jj3 jj j ( + 6,) 

3Cr 2 *+Al — ► 2Al 3 *+Cr , OJ 

J53 30V ■ L » - ■ ■ . 1 fl ^ w 'j' ^jji j\£. Ljt^-lJt J-L- ^-Luaj AJI^gJI 0 ——— ^ Aj5U 

•(3) -9>»U Cr ULlCr^ifi 

2AV' -L>-j >‘11 .j^-> 
(2) .AZ —j^j 3 -i>j 1 jJ • 1AI , L> - j ■■■ _' ^ I --3 jbln)* ^ a 


30* W+2A1 (l) - 


■2A1 3 * +1Cr 

(aqr^r(,) , abuii Q£aj 

jjl • s ," i J ~>- ^j-j Ajjl^a Ajjlajj 


271 


.kllljjjl J-LC - 










m 


Cr 


2 + 


(aq) 


+2e 


Al 


(s) 




Al 3+ / Al 

Al (aq/ Al (s) 


Cr 


2 + 


/ Cr, 


Cr 


(s) 

~Af\^,+3e- 


(aq/ (s) 

: ' « (j ■ a ^JSU <UJluajjl 

: aj-ibu. 

:(0X) *> »i eUjljLa 


10 i-byull 

: AjJUJl 

103/12 ( 0 i ^» a >- 

S 2 0 g/SO 4 ( 0 i^^->. laxuj Jg) 

MnO 4 / Mn laxuj Jg) 

Mn0 4 /Mn0 2 (^y J) 

H 2 C 2 0 4 /CO 2 ( (jr ^ X43 . j) 

Zn 2+ /Zn 


JaJI 


10 3 * 1 2 : d j ■-->', 1l <UjIj.»j 5L1' Cj'i/jljUiJl ivjjlj-a 

^uiJ ^ ( 2 ) J JlsJI *—J ja^u 

210] - *> I 2 +H 2 0 

.^^SLaJ U (O) Olljj JJLC Ajl 3 jail (J! H 2 0 djalubLl 

210-3 - +I 2 +H 2 0 

( 1 ) «_J j i ^ > j I jj ( 1 ) ^ £JO£ ^ (6) ^-Lujb/l j ( O) -j_i-C 

2IOJ - ► l 2 +6H 2 0 s jji (6)^ 

(H‘) j(H) JO)t >• * 

dJ&lOaJ jTj ij Ijj ^(H) J L > jJ - j3 .( 12H ) JL>-lJjJcsJI 

2IOJ+12H* - ► I 2 +6H 2 0 (12H + ) 

•Oj'j - 4 (_ 1 ^= JJlc q! I* \5>A j 



■JLj^ 1 a )l aj 1 » H jlj 









O/AxM oiuaW) 0iVi)\ ayu emsj 3 OJ>^\ V&>V<£>OQ o^V)b\ 4 l)\s)o 


^ji i ij 4jiff j .<La a-Lxj 4 ’iK.iill j 43u<bb 'Jl£ a 

( 1 2€ ) 4j&U^>} * ■ l*» ) ' jj • ■_' bfl >—~ .*»■■■'' 
rt i t» iIi JjUu ^yJba (-12) 4 i•»iii f 2/O3 ^ 4 i~» .ii ^ 4j3li^j| , 1 i f 4 j1 

: .. i.'l.^ I eUlg ill ^ <U» j-Li-O 4 iTiiill U*9 (12H ') 

2I0 3 + 12H*+12e~ - ► I 2 +6H 2 0 


(^H ) i.~i.i,,| ^ja ^jSU. (H ; Jjl, (H 3 O ^ JLajLjuiii ,j5L»j 

.("H ) I-IA j lam^ji 


:S 2 0 2 g /S0 2 i * 


s 2 o 2 - 

—* so 2 ., 

S Oj'^j : 1 i3lsa^*Jl 

s 2 0 2 - 

— . 2S0 2 ; 

i 2 - 

S 2 0 2 g + 2e" 

—* 2S0 2 j 




, Mn0 4 / Mn 2 * * 

MnO, 

-► Mn 2+ 

: 1 3 • 

MnO- 

-► Mn 2 * +4H 2 0 . 2a^UiJi 

MnO~+8H + 

-► Mn 2 * +4H 2 0 3 

+8/T+5e' -► 

Mn 2 * +4H 2 0 



(^Lui kui <5 ^j) t MnO 4 /MnO 2 * 

Mn0 4 -► Mn0 2 1 — n 

MnO, ► MnO 2 +2H 2 0 2 * jU~w 

Mn0 4 +4H* - ■*■ Mn0 2 +2H 2 0 

Mn0 4 + 4H*+3e ~— ♦ Mn0 2 +2H 2 0 4 ■ < 

i_a^J qJi J 3*»'<.ij <_3^>Ji Jjlxjj 4H*J] 4H0 . tuni : _x>~ 

^iiLf Ir^m^ J! 4H0 A^Liab 













MnO~ 4 + 4H"+40H +3e~- ► Mn0 3 +2H 2 0 + 4H0' 

Jou cLaJ' jjx. 


4H 2 0 


Mn0 4 + 4H 2 0 + 3e 


Mn0 2 +40H 


Cr 2 0 2 7 +14H ¥ +6e - ► 2Cr 3 *+7H 2 0 


, Cr 2 0 2 ~/Cr 3 \ 

Jocj -~il I ) 


H 2 C 2 0<- ► 2C0 2 +2H*+2e 


,H 2 C 2 0 4 /C0 2 * 


Zn - ► Zn 2+ +2e 


Zn 2 * / Zn * 


11 

(H* (aq)+Cl (gqj) &Ul j ^]j=> j<14> J Jg 2,8g Ifliljfis Fe . UJ>J l AJllcaij ^jilj 

C = lO 'mol/L *';.£=>jjj. V = 200mL <ux> 

/ F(i( t ) JLl Ll£=> '$J» (ji >,.l ftlf lj! Jl ^ 

a.Am, 4 —>MJ JvLxOuajJt >\JS w (aqS H 2 (g) j 

aJjIxoJi £2jJu*\} 

'j—' j ^*1 i'l.nlg .J 0 & 4 JI Jl>- ifl'ill JJ_L>- rt-lliSL) £l 2 

.^LcLii! 1 iuLgj j dja.j'x 'i jlj-oJlj 

Ajbixii >" —»' • i jj 3 

^ J^LLab-«Jl jliil ,«»> ■_■■■' -*-i * u 
. jGUJ' nJUJl ^vLj±=> - »- ■ 1 i * _>• 
.M(Fe)=56g/mol i M(Cl) = 35,5g/mol 


cXuuL j^mJ I ^9±sJI jlj 

















&»\ 9 > bAi>\ aux) cmsj 3 0 O- 9 U 0 )\Ja\ 4 ^V>0o\ 


d*ll 


j- • jii. -''.' ■ -i *J 1 

Fe (s) — Fe 3 *(aq) + 2e~ t !, 

2H (aq)+2e ~ Hj(g) i £l»j! (Jdilj 

t 4-X.U>.jyt b i...<^*ifl aJjLx^ LJ lc. JirtTfci jOJjLmJI 

Fe r „+2H' (m> = fc^+fW 


. f.in ill JaJL>- <uU^-> *J 2 



Fe(g) 

m 

2H\ . ~ 

(aq) 

Fe 2 *. . 

(aq) 

H/g) 

4ojlJuu* dJb*J' 

n. = — 

1 M 

= — ^ = 0,05mol 
56 

n 2 =C 2 V 2 = W 1 x 0,2 
n ? = 2.10-2mol 

Omol 

Omol 


n r X 

n 2 - 2X 

X 

X 


n r X f 

n 2 -X f 

x , 

x , 


= Mj •• * X f = 0 ■ .lA.i tjJ Fe .JuJbfcJi .IsfcaJl _LcLaill ^ji ^a^jou 

2H* (aq) ^iLuujSji j jjd} iLui^ji <UbJ< 0,05mol = 5.10 2 mol 


n 2 -X f = -3.10 2 mol 


n 2 -X f = 2.10-2 -5.10 2 mol 


. w_JLuj j-UL ji o5L*j * j) ■ 1 _< ^ j ^ j ^ jj* $4 ^ .wJLu jJlc 


v _ r A Fe ^b JlCUlII' ji-J Ubllx^aO ^yjl iLu^bjJlJlia J j* 

Jl>^j 3^Il d- iJb l {a qj jjJiJl ^*b Jofcl' O' 0*1 ^*3 jJL u 

“ X^. = 0 i 4JudJ OjJIj 

X f =n 2 = 2.10 2 mol 








: Ajl^j j ^jjLj I. .l^A j 

F *(g) 2H*„ Fe>',^ H/g) 

SdbJi 2.10^-5.10 2 Omol X=2.10 7 mol X f = 2.10 3 mol 

=3.10 2 moI 

.JcliLu ,nJ ^_yjl J1 ^jl3 Iaj > _ 7 Lc Jj'iV) AjJL*>.^I AjjbtoJl 

.A tc yX 1 *» ^..■ *—»^i aJaLlj} ) 5-i^LLJi * fl_ii ^j| 

j 2H + Lu jJ Ajl j| iuJiL j^SDi <v jjfciuli JJo«j ^ J! (2cl ) AJalub! um 

• , . i l A y J' 

F‘,.,^H\^2Cr, m , — Fe’' HI +2Cr+H,(g) 

! jj! 

t‘<.,+2<p- lm) -KT —> fa*'„+2a-y H,(g) 

jdit 


t iHaJ-sJl jlxJl ~ i L.^ • 

n H 2 ~X f - 2.10- 2 m°l i ji>i j^LJi j» j^ili J$a>. jj» 



V = 0,448L 


jjj jic, ^ (H 2 ) ji Uj^ 


V = 2.10 2 x22,4 t-laajs^^xi V=n H2 x22,4 -. Asi><uj>j 

i ROUJi -2CT)ii ar.g-. ,1.-^. • 

n - X f - 2.10 2 mol ■. Lu jJ JjLJi f jloUi J ^ Li»ji 


m = n x M 


_ m 

: o* n ~ TT ! Lu JlJ a 

^ M ' ' J 


A ■ 'll . j II 1 • tl jlj 










MfFe 2 * + 2CI) = 56 + 2 x 35,5 = 127g/mol , 
m = 2,54g .m = 2.10' 2 x 127 ■. 


1 1 

? J^‘~ J— 1 JC, 3 . (1 2 ) J 34 J 1 jjjLu o^jlaui - \JL^» 

. (Na 2 S 2 0 3 ,5H 2 0) 4 * iu*i\ <Gij^L 4 _Jlc ' jji (2Na^ a ^ +S 2 03 (a( ^ J 

1 _ J lc 1 _ y x>- .till j Cj\jljj^s Cj\j 3L1 4 Ju £=> > J 1 

. C 2 = 5. 1 0 2 mol/Ldj-^>jjj 1 OOmL <u>> .j» j^ uali $jIj J 

■ jjdiM ,3 ( I 2 ) J ^ b» ,a Vj = 20mL (*st>- ^ub^j ijLu J 2 

• j* ~" j ~ —■ jjUi J jl->4 j a 

—A,...~i LaJ lJlC ^JalSLjJl ^Ic. Jna-»~i Liji Jex>-Mj _nmi~<1l 4 _■ 1 a f ijuj 

.4-^UiJt j-aV 2 = 15,6mL 

v ,N'I 4jjbta g "< i~n«tj OJUu^sMJ _£ ~ j * ■ ^ ^ ~*~—»' • 

. d-LCla-j^l 

(I 2 ) ^2 > ■““•* •' • 'T* 

t M(H) = lg/mol t M(s) = 32g/mol t M(Na) = 23g/mol 

M(0) = 14g/mol 

. W r w. «,0 ,,,/s.o 2 ,,,, y.jAf. I ■,. ^—. j a jlljjUjJI 


i a a-J a. »a! 1 a_-w .j' _■ aL: «i l~»-—» ■' -•»- Jd 1 

n — Luaji^ n = C.V b jlaJl 4 jj] j^lau 

M 

m 

— = C.v t m=M.C.V: (n)j(n) 0 I 5 WJi 

V=100mL = 0,lL . C=C 2 =5.10- 2 mol/L ..[±aj 
jjftlwa ll ^iVajSjOj ,5H 2 0) j -> 1 ~ 4.‘.^-w'l '1 41'X'I »•. 1 

M = (23x2,) + (32 x2; + (16 *3) + 5(1 x 2 + 16) 















.*.VaV 




M = 284g/mol 


m = 284 x 5.10 2 x0,l 


■ K-l'l 1 —> • I il — 

IJg) + 2e — 21 (aq) 


2S n 0 


2 - 


2^ 3 (aq) - S 4 0 ' fi( . || ^+ 2 e •■ S.Lui^l JX-Uu 

-V V...*——»^/l kjy ic ( Jo^3C«j JjOJjLx^JI £-0:^1 


^2f fll? ; + 2S 2 0 _ 2Z (fl ,;+S 4 0 g(Bq) 


n. 




Omol Omol 


n 2 -X f 


n 2 - 2X f 2X f 


2X r 


■ U ? ) C 3 jrf*=>s^ -J 1 -> 

71^ - X^= n 2 - 2X .: ijUa ^ISj Jui> aji U_i 

. Jbta Jx-LoIj <Aji JjC. J Jlj la-a >LJ fl 1 j-! J^Uu J^l~»a Luaji^ 




... 1 i jj! n 1 -X f = 0 -.^£\ 


tl 2 - 2Xf — 0 (ji ^jlc. J-JLi Uj» ^ J^bta ,ji [*£—> 


n 2 = 2 n ( •■ jl g~ ii ~ i.il i 2 3 1 jj# 


*2 = ^ 


..2 , 


a 


C V =2C V . 

2 2 11 


„ C 2 v 2 

1 2Vj 


C, = 1,95.10 2 mol/L 


5.10~ 2 x0,0156 


C:= 


2x0,02 


„1~» iii ^a^jLi 


■> , j^ 278.; 















wwcaM , d>xn 4 oj> 9)\ OiV)o\ 4 ObJo\ 


1 - 4 JU>\ 

5 ^ 5)1 . . . 1 . 

V&)V 9>09 0 )Vjo\ 

<u&L l 4 -aS 1 !i 

I C * yf\ \C 1 



|_^= (jJ^SLj i3 (( A~*fll t) 03^3^' j-vCuX. 
Jaj«_Jt^ ■ ..t.-^'ij J^-U $4* <UjLuJ '3 

'■■■ < 1 Aj aiaj^t ^_L>-_Lj l a*—> a _ i 1 j aI a=* j 'a 


cL a_i*v U-3 lj! . 0,3 % st^l Jj ALaIuss Aj-uuj ,ji j^C SjCjui 

jj '>■■■" «Jjul Lift w wO a JjljlxjJl^ Aj j.Af ^ Jj tUjinill 

.<U j.AaJl cL^iJl 


c\yft \*sU 2 



yJ^j^SUl ^^lc. ^S^bej ^JiJl Aj^uajdl (j! ■la ’ i. tj 

yji JVC JLlUl^LStJlj JjljLiJiJl A)j 

A».~Uj 0 ilS Ljj3-^3' q^- JjiAi-oll 1882-1800 

^4 Aj^iAaJl SjLoJI A£.Lu< 9 ^llr->lml Aji 1 _ T j-Jui_i Aj j-Axll Sjllt (_yJ 


5^ 


.AuLuo^ Jl_^a 



S AC. U^-> j Aj ji^vill c'jaj^ll Jjljbtj) yljljj jjjUJl Ijjb j-&j 

( Berthlot) (1907-1827 jl? ^Js. aai-.^i i Lbji^a 
jC ,A_, .( KEKULE ) AjJjSa^aj 


1 Ajjj*jJ< V 

3-u -Uj oj-*J -r^ yj- 4 >^3 ‘j (j$£=>$\jd\) ^5LuJi jj» *vLli ».-v. 

■ ^ lll l l C ^)j-l j5Ul J+aj£- J£>-^ Jjlt. Al^’j . J^u, jfl J^lll jjtfU. 






















.ill L _yuju 1 iii«-v»l 3I ^jic. djjJfcjJl \jjj£=> 3J * 

. N , 0. H : J 5»3 -1.4t>Uu ,ji ^_>SL*J wjjbfcjjj * 


jl>- 3 ^ 3 ‘(H) _^>- 3 jJU,jJ '3 (C) j 3 J^ 5 JtJ> j-<~k\c l _ J7 )-c rtalLaa aju^j £§j.->£ <u 31.^11 JI 34 J 1 
JJui ^>^>->-1 juoLx. lJ lc . (H) 3 (C) J! 4 jSLc 3 ^'L) ^ 3 I 3 U <U 3 i«Sf ■ '■' * j a 

. (I).(Br). Cl. N. (0) 

■ J3J^SUl tL^auSLi Ajjirnill sLxajSUI Luaji u «»i'i - 


:C iiij — 4 

g C : ^33^^! ^jj3iJl CJ lf->'«'i J 

6 C:K 2 L 4 

• 6 

1 C ® 3 A C ^ 03 ] ^ j 1 "' 0 ' _j 

.4_i V3l^'i JajI3j 4 liiTi jji (C) 5j jJ jS-a-i <Lj1^3 


H H 

H-C=C-H 

■(£ ) bji 

jjUu jLv'i jUjJjlSj )jl*iV-> ilj J^.i.'i 
. ( = ) ajuLu a.j lalSj dJauij J! ajsL og'Ll 


CH 4 jUjii s-£j»- 
H 

I 

H-C-H 

1 

H 

■(g) 

.(—) i.j 1 ^ISLj kuijj 4 ( JSLiij 


H — C = C — H 

<a_»'i.3lfv~i AJtajlj3 (=) Ajl131£j Aiajlj 



iaifl (H) jjj>- 3 j-U 4 Jl 3 (C) 


^CH 


AjI*Ji '(j"■«_■•-■» * 


3 J l$JL4 * 


4-JL^iJi f9-Li-!i j>^280j 








( a l">l a I i Vl " 1 —) ^1') A J ~1 ft I I ^Luj V-uui' ulllj - >• Q J. \ ^ 1 ' *1 J 

. ^J_c J? j~*»-" . AiliLa j±£- 3 .&>- jjjbt lyi <Lu<UxuluJl * 

C H „ , : lA. ~ l- T . t u /> 

n 2n + 2 

w ""‘~ <UJL>I diajl 

O j5Jl .Jjl j j V i/ ■ ■ > hl~l~» 1 AjfLlluu _J li l.lj IguU-ul 

,C, 

jisJitfi 1 

Les Alcanes 


Oy! : C 2 
^3* • C. 


= C 4 
:C, 




: C g 

(cine) 

: Aijutl 

jlj_L> :C s H 12 - 0 h 3 jJ:C 3 H 8 - ^\l r U> :CH 4 

jln£A:C 6 H 14 - Olj3J ■C 4 H 10 - oLul : C 2 Hg 




K 


v o_ y 


C i"J„ : <Cl3LjU£3 

n 2n _ - 


4>- 3 Jj*o ^jlc, iJjluJ ifl ^ 


jiuJi/i 2 

Les Alcenes 


I jj ) p qjjl Aiiuui Sj£>- 2/1^ i.(P ) p qjjl ya 2 u 

. T - ■ ■ -> j^C. - ' ■» j a Q ,j ^ 

tV-CLjL-u ■■ * ‘ * Ulu - • ^ a■ ..I 

(ene) <a 2 l>.^L> - 

ch 3 -ch=ch-ch 3 . ch 2 =ch 

u! - 2 - - o! ■ 1 ■ y! 









jjl 




a - 


k k ~j 


:C H. :A~i \ iu-> 

n 2n - 2_:_ 


cLjui^ii Aiajlj i _ J lc jXujJ 5? I ^ 


^ - ■ ■ ■ j j^c. _ 1 '—■ • & yg *3 I jj 4 ~ ) p 4 ^' O^ * * * " >'j 

^AlLif y 41 i 1 i \ i I - 

(yne) ^.yb a 2 u.M.- 

I 3 -C=C-CH 3 . CH=CH ,*11»1 

^ - 2 - 03 J - -1 - oj] 


3 




i_L>-ia H ^ja ^-3 j Juft Oji ._a j.-*j ■—>L>V5L3 L j^ J jLtri l _ r ft <VoJuSL!5/l j^JbsJi • 




0* 


-CH 


2rt+l 


i <U)lxJl l^j.ijLuo j^£j v * Da ig 

^_jij l4.^=> ^3* J l (Q-uj! V ^Juulfcj :4 4i» 

( cUuLu ) jii A i .l ijLu - 

.(yle) jJj ^pJu - 










nr 


-c 3 h 7 


-c 2 h 5 


-CH, 


3 

>? Jujj! 

■ ^ .Ay—ij 1 ' Jj'j o'* ^ si 2 


i jf 



xfrro 


H n /i 

/ C-C \ 

4 H A c _ c /-» 

/ \, 

H H 

O' Jex>-^) C g H g Oj-tJ' 


«V? V 


H / _C ^ - H 
H^X /" H 

A-W 

HH H 

C 6 H J 2 l >JbJljL 4 £ 4 Ji 
(*udiua dJ 


^ .1 1 ^ . j 1 1 I » H jlj 














J.f _) J)t (• - 2 5 

C H O :<v^slaji U'.i . ir-> 

( y i _- . 

.(O) 3 ( H ) j^ 3 j_L» 4 )i 3 (C) ^Uc. JLc ^ 3 ^ ^ 

^ -~ilj j—■ ..fljljj 3 3_ic. i _ t Lc 33 Wi 

CnH 2 „ +1 —OH - 1 

R-OH 3 I 

H 

R —ajUii ij'.i..^ • ' il *_■$.• 11 ~^ 1 * 2 


^ cUiUJl 1^'ii iu-t iSll - 3 




O-H 


R _C «U»laJt -.aAumJb jSJ\ - 4 


% 


o 


R_C 


/ 




O- R 


O 


<Lal*Jl 1 & 1 4 1 u~> - 5 


C H N -.^LdlaJl Lli * 4^1 

it y _.T _ • . 

.. ">i A A A *J\ • V 

C H N tiUllaJl Itf *1 ★ 

n 2n*J ^ 

■ 1 ^~>i ★ 

R-NH 2 

R — NH — R' u.53jljJi 

«-L 






















cJu^ju 

lai- J5LL ^jlc ^_yj^jj£}\ 4.~i IJ Jt iUav^J^j^laJl AjliSJl 

Ja=> iul^j (ji , ~i.j ■>. .J^iaJl <Ujl>»~>.4 ^ a j <i~.... a j> jJ^SLo . ^la£-lA ( J.u3^I.4 

0 djj lj)^ .C ^—■ ijj £. 3^4 <d“^j ji jCotkii cUuJ! ji 

,3 14*^34 J ,Jl4j l^jlja N j\ 


C 3 H 4 ,C 3 H 6 ,C 5 H 12 ,C 2 H 5 OH 


: JjV l£—> j-ftil Aj> d-lU5LJl : JU.4 '1 


^ ^ /\/\ /\..^ 


rol^UJj - 7 



<Li j*v 4 ll >j'j_ l)I J.tf jjuil'i) Aix^aJl jnii'i IgJ oj*—> CiLti 

_j a a 1 ~i 4 i> _ 7 4^ l __ 7 JLjJ\_>^ .(dal~iTc 4 Oj^m,,' u> I 4 J) aal~i ->4 4 , 1 _i 1 \g~i 1 i 1 j_>SU (s'iI'ij jj«JLl 

*ll 1 q iCIlj A j M 1 j . /ill 

icJLaIM p-I J'l 

• 

^j4 £) jji 0 JLC. JL> 34 

(Isomerie de position) >,, t ^u;Ji sj 1 

. Ailijj%4 4 Ulju43^ ^SJ ^j“ e 'j . ni ) ^J' iduJLJl a i 1^3 " A n 


lajSi jjLjuis^a ^jLt^sLaja AJ C,.H l4 ^. j.*-=>ja -ll -Jli4 y 


CH, 


ch 3 - CH 2 - CH 2 -ch-ch 3 ch 3 - ch 2 -ch- ch 2 - ch 3 


CH, 
CH- 

|^)UuL> !_)_/< t 4 - 2 


(jli-Ll j_JojLX 4 * 3 

i^jLnln* 1' a il ' £1 — 

. l^J A i ,.i i ij.ll A 1 ■ .. 1 ■,. ll . fl 1" i i <^^11 ^j,. a \ l^J . " il i »1 4 ^ ll 


JL^jlII ^> 91 jlJI jI 












<UjoaSj\ d>xx» 4 oj>^\ VfiwVs^og bV)o\ 4 ^V>Jb\ 


CH, 


CH 3 -CH-CH 3 


LaJb ->La-a <0 C 4 H w > JLL» v 


ch 3 -ch 2 -ch 2 -ch 3 


oijfjj (J. j - 2 

t\ i 4 ^ ^ i^ji ^Ji ^ \ ^1 1 ^^ i i i ^ ^ ^ li 


3 -J 1 

'i mJ ' a ^^~‘ j '' ^ - *—> 1 a ~. 1 1 mi 3 


LaJb ,j'_< fljlrtj (j' ‘‘—>1 4-a dj C H O •■ J 1 j-» y 


ch 3 -ch 2 -c 


Z 1 

i 

cUJU^jjJi iUljlcaj <0 


ch 3 

/ 

. ch 3 -c 
% 0 

A_i_) ^ “ j —* A fl_ilt~> j <U 

■j ll < •"--* ^ A ~ ■ 1 ■] 4 


4xluJLl£)I AjJuJI > «'**»■" j5U . «•» a ll <Aj_uaaJl l^J -"■ *—-»j a ^4 cLxj^tcsJl djla£=sl«-aJl 

. jUiLjJl r^/>iU . A^*> 1 ^ ^J>- ll' I ^ q. J . l l 1 ylC tyts "ill —3 L4^b1Jl>J 1 ‘ ‘ ^ a M 


jAXJ L>- j UJU ~ilU>--.\la 


ai C H d_l i.1. - *- jj. (» jbfcJ.! 


flLuac. 


CHO 

* y 2 


ijlil <UjUJl iULstlt >,.*4r»jll ,jb=> 'j! " 


M = 29d 

S 

/ 

*' \ 

AjJuJjjsJi AjJ^Ii cUjSUi «a mi till jlaJl 

CI 54 U 

12^_j__16z_[^_ . 12x__y__16z__M_ 

m r m H m n m ^ C% H% 0% 100% 

CHO ^11 





















1 


.IjjJ A_l>- $}AjlaSUl (O .IgjJ) ^,4*1 i~i ,_yj! JjV-iLxJ'J A_aJLI)I ill l i *—>^Il ^u! la£. 

Cl t 


CH 3 -CH 2 -CH 3 ; 
( 1 ) 


CH 3 -CH-CH 2 -CH 3 


( 2 ) 


CH 


CH 3 ch 3 
3 -<!:h- ^h- 


CH 


3 » 


ch 2 =ch-ch 2 -ch 3 


(3) 


(4) 


ch 3 

I 

CH 3 -CH- CH=CH-CH 2 -CH 3 ; 


ch=c-ch 3 


(5) 


( 6 ) 


H x C 2 H s 


171 >< 

-li o 


H 




^ISUi 343 Alculjj * 

5 ^ : C j 4 aJ * 

: i lj> AjljSilt * 


■ (4) 


‘CH, 


CH 3 

- 2 i:H- 3 CH 2 -CH 4 


. *■! ij . a H I • II j|j 



/V 




jlSJi * 

jJlscJIj 4 i^_uJ v vIl (C) 5 jj JL>tj > ibJ^J^I ojJLlu Jijia' jLotJ c\. a.<. a) ★ 

4-JlC. 0 jsiu3' £^jCLlll 

:4-jL>-^ klJl tfVjLiSLJl ★ 


,JjJ-4 - 2 


CH, CH, 

I I 

4 ch 3 - 3 ch- 3 ch-'ch 3 


. jlSUi jp. 1 ^ <U-lL>-i Aleau^j —> * -.(3) _ii==> 

jJlud\ j^JbcJt JL>-b - ~ijtc-; • <A_. a,.■ ~ 1l * 


u :i 


A i y \ ^U>li 4 'I,~^ )\ ★ 


(_yjLij 3.2 


,(4)*-^=>*ji 

.jjLuJi 34a <l>- 3-iaiajij us^- ^ 3 ^°*^ * 

(=) Aiajl^Jl ^JlC. C 5 jjJ .Ajj^j^SUl <ALhIlsJI :<rt _ <a m~ i l l * 

1 CH 2 = 2 CH- 3 CH 2 - 1 CH 3 

jf\y :<Lif>-3J3J3laJi iuliSLli * 


O! - 1 ’ ^ir 


:(5 ) <_*£=» JJoJl 

. jluJi 34 a As>~gj^a Aiaulj * 

(= ) i _Jx ^ 53 -i-^-j ,_yJl C bj jJ l _ > Lnj 3 . Aj_i 3 jj 5 Ji aIlllLuJi aa :<a j .1... 1 ' * 

■ OLlcD^ 

ch 3 

i ^3 ~s CH- 3 CH= 3 CH-g CH 2 -® CH 3 

C uJjjJ 3 ^1 flj.t l lj S jlxlt Jfc. 4- > a 

jiiaiyj' L»'. j-JLSttJLi Aiajjjil C 3j jJ 2 (<vij , ,1—> •»_! .^wijalSLla U^ji 3 JLU IjJ 

j» 3 ^ tulcj ,-ii-LajOl 3 A 3 .j»L9j5fl dili.Vahfl 03 SH I jJ .I 4 I 5 (43j JsaajJa 

.^^Loujl ^-jL 9 jUl «. tlr>uU 

/A 


v^\/ : 4 j 1 4 jlaSJl ★ 


j\ — 3 - k Jjuud 2 :4_^4u2J-lJ 


\\ ★ 







1 CH= 2 C- 3 CH 3 . a_^...-.i i* 

j> ^LaJl <Lilo2Ul * 


v>? 


- 1 - 




/N^\ .a 


:{ / ) ■ **=■> 

.jjLoJi 343 <L>>3J^a Alajij l _ 7 Lc ,_S3'■■»_! * 


-^313 13UII tLiUcSJl * 


J 


1 ! - -2 w 


I * 


2 <-ij3<ull 


<UU£JLl l^l'i 4 : ^Jllll Jjj\ JL)Uu^-pfcJ Sj^riludl 


JU ^JLuaJi - 'I ~ —> 

■ Ai-v 

.(jjjj 3 j 3 l^ ( _r , ^-‘ ~ 5 . 3.1 .JU 3 J ,Jjl tu* I'jjLu ~ 2 .2 

. JD 3 J j_ i.'i j — 2 ij! - 2 - >.*i,l) 

.jij 3 J v Jjuu ~ 3 »2 * 2 






t li ' -. 4^ 3j^>» ill ■ l *.A ^ . -.a 11 .t i.^ u ■> 

:l£' C Cjljj 4 <0 jjlSJi ^inj jlj3J : ^7^3 3-xi'i'l j>l Ai >[£s jS>-\ jj AiiuaJl ijLij 
J3^l s^s*Jl («Jk ^C— 3 C—‘C—‘C jLujJl ^4 31 v j-« i^a^j («j C — C — C — C 


^yJl C Ojj_l ^UrT.i~)^4 — CHj jJ-ljII .^Jjui.44 2 .2 : 3 A 3 («-aiVl ^j«4 

■ ch 3 

4 C-*C- a C-C oj! 2= 

Of, 


AxxuaJi ^jlc. 1, i5 > Bti j .JajI3j 4 .-< L yji ff jjijj C ajj J£1 _U£_i 



3j4*Ljdl 



\J 4 j 41 £x!I AjlilSJl 



■ !l 1 « II jlj 











w^b^\<WU\ 0 )\d>u) 4ox><))\ V&jV<£>OQ bU)\ 4dU>\ 


mam. 


2r^ 


4 

• 2 ^> 3 I y iiLiU 5 LJi 



■ .ill > , ^ J 


i’jU 


• a d 4,,1 \\ ■ ~<1 a \ • i "1 \ 

Cl' 


:(_jA dj_Li>aJl d-Lay 
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H I H 

V^C^ / 


^Sc 


ci y ci 

H 



CH 3 - CH = CH - CH 2 - CH 3 5joiLu* 

CH 3 

CH- tH-CH 2 - CH 3 


ch 3 ch 3 

/k/\ ch 3 -c - ch 2 -ch 3 
ch 3 


3 

^_y~ ,C ' >A . _ o! -I 1 

ch 3 -ch 2 -ch 3 

o! — 1 - ( 1 ) :jj! 3 A A 

j! -1 - (>—«) 

t>» -2- (-?-) 






















3 ^ 1-0 — 2 k 1 jo-y o! *1 ■ '-^SjJ J! M -si 2 

s^jj) $&i M t^js*i\ 

(-?■) ‘ 0 W 3 .H 9 * 3 j * * 2 (>j) 0^3^* (') 


axil 

•A^jU iijiil a 1 

^li.'ij jlSJi j 0 ^ . CH 3 —CH 2 -CH 3 jgLJi i i*—>jli j| 

^£.LiuJ| „ i,i, -> . jlSJi ^Iruj jLJ^I J! (<L>-jJ4!' ^jAuj ^jJ>) t* - * 3 o' 

»«JUJt 



Ast-otnaJl l _ 7 4 (,_j) Jlilbj O! ' 1 " *r*3j4 '■ 3^ A . t*—>^aJl ^)IJ3 Ax«J 


J 

JUlLac! (Jl - 1 - wi^sjlta! ( 0 W 3 JJ 3^3jJ • 2 ) 3 ! (jUjjJl) i' - 

•o4*3>'W 3 ^ 3 >j crj^ — 2 . 1 

: ^ylj Ld %jjj . O - 1 - - --I jO B, ? 0 yy' »_J ^ ..o ■ .1 if . L 4 I - 


H H H 
I I I 


H H H 
I I I 


H-C=C-C-H+B-B —> H-C-C-C-H 
l r ' l l l 


H 


B, B, H 


jjLljjJl 2 . 1 












cw^as)\ d>uj 4ox>^)\ oA\)\ 4 db4>\ 


. ^ (- S -) tUlf>-^fl ,jli3 ^jJljJLij . 5?" 2 ^jjLtj M Jj jl 


4 

■ijl'i i ill 3 '<VJ -ilia ■ ~*—'i J 1 

yuJl i i l l ^ya 200 g Jjlyt>-V (*j^Ul tl^Jl (^»->- 3A La Jl 2 

.% 20 Luyij J3L0 <LlujJ sl^Jl j t J^=«Lal^3^l l _|SLLj - 

M(H)=lg.mor 1 ; M(C)=12g.mor 1 - 

V m = 22,4L.mol-l jjijLiil ^^j^-x-ail-iill ^Jo^aUi J§ 

J*l! 

J;'/--- 1 --L- vj j 

jlc. UjIj (ataUJl S-itii 4 -—>^Q0^ |_JjtLajJi ,_y*j 5 jLo ^‘1 o! 

.(H 2 0) till j\^jj (CO, «>"ii jic.) j£]\ *1 

:.JLt» rijjl.ra ll 3 . IA C 5 H 12 + 0 2 — > C0 2 + H 2 0 : jl 


C S H 12(g) + 80 2(g) 5C0 2(g) + 6H 2 0 (g) 

n, n, O™ 1 O mo1 

n t -x n t ~8x 5x 6x 

i£\ k^lJbta > (jl jy.JU 0,3 CjWj , ^ya jJ’ •(*& J^liuJl (Jl LaJ 

jn l -x = 0 

{*,-8x=0 '^ oW ^ 
• SUajdl 200g ^y» 1 i.. 1 ~ *-i a ^jljJLtil jjva £ULjlJLu^l 5jLaJl A.i&fr-n tl^ ^jSU 


m _ 200 200 

"‘ ~ ^tp,n a ) ~ ( 5 x 12 )+( 22 x 2 ) 72 


2,78mol 


x = n t = 2,78mol jji m } - x = 0 ^ 
n 2 = 8x = 8(2,78) ~ 22,22 oj| ,n 2 -8x = 0 LuaJ Uaji 

n 2 = 22,2 mol aua^ 












V = 22,2 X 22,4 > 


V=n 2 V m 


njj) n 2 = ' . ‘~‘5 1 ' jJ jlc 0 1 (ji L«j 


j>£J ^cla'ia li 0 2 ^Lu jlc ^5 ~ 497,8L 


V = 5V. 


-siift.. 


02 


V n xlOO 


V =_°1 
- ^ 20 


OA' V 0j = 


V. . X20 


>'»* 


100 


V = 2489,9L = 2,49m 3 

_as_ 


V =5x4988,8 :Jo*j£^o$ju 


5 


82,76 % 3 A <0 ^jl'i^ll ^ 3 III . i_i*—> yjl .AjjliJl <Ub«J' <■> jj. (^jbS 

. <0 Aj_u^aJl V->c I _1 1 

,d=2 tl^^U 4 mi ill) 4j Ajjli* >ll rtiiLjiSU' ^Lajj 

'(jj'l ^<11_) AjJWai^p dJulc ji J 2 
■ p q j .b.Ltj J lg~i_> <V 'j all SjjiM ig It > Aiujua IcOC-i J 3 


12x _ y _ M 
C% ~ H% ~ 100% 


J>J1 

_l 

O' 


M = 29xd 


C% + H% = 100% 

H% = 100%-C% = 100%-82,76 H % ‘*“* 3 * J 

H% = 17,24% 

Ll^l M 4._l j_l jjfcjl £Lj 3«Jl <OlaSL!l >, ,mt3« J - 

; M = 58g/mol 

: LiuLu ijJa 3 «Jl aljl.ii^ ll j y 3 X j-jJ - 

12x __ y _J 58 

‘ 82,76% ~ 17,24% ~ 100% 


L*JLj_;_aJI It II 






















awiaaU <W)\^\0>w» 4 ox>^U V&3 Vs>09 0)U>\ 4 M>Jd\ 


x = 4 , 
y = 10 , 


12x 58 

82,76 ~ 100 
y 58 
17,24 ~ 100 

C f H It) 1 _y4i !_Jl *>■ j j.JL j^jl -<i-> fll! A_i Ajj»j 




■ i (j j! 2n + 2 = 10 Ujl> i n = 4 l iv<Sj JjJjj C n H 3n 2 


CH 3 

I 

ch 3 -ch-ch 3 

i ~l 4 - 2 


. jl£J> 

3 j j ‘i i >Jl i •_ all jl 3 

ch 3 -ch 2 -ch 2 -ch 3 






2 91 ) 
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Jl { jj> AilobxJl ^IjIjLlsJI jjX. 
— C — O— , —OH , ^ djbukjl ^C^ASsll • 1 

-C—O — H , —COOH. ,...^-.jij^li >»«-»■ ii AJLjLflJi • u 

— H , — NH 2 : ^yii >ll' 1 14^1 AJIjLoJI AC. 3A3kil * -»■ 


// 


o 


_C_ R 


.0 


-c/ 

X R 


-NH 2 


0 


-c/ 

X R 


-C 


\ 


la yk . ~.l iii Vl j A£.^ask1i • j 


o 




H 


— (^ , i ■—»Lj <)~i i^ll j iUbulJl A£.^A3til • _£h 

V) ■ 


JaJI 


-C 




\ 


o 


-COOH 


-OH 
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:2ujLhm5Ji Igjijllbj jjl>- .AjJUJi .~il >^-aU IUPAC 


°H 3 H 
CH.—CH— C 
% 0 


CH-C 

3 % 


H 

/ 

o 


CH 

I 3 


H 


^■alill i=LCI 

H 

H-c' ^ 1 

'o 


H 

I 


CH-C-OH CH-C-OH H-C-OH si 2 


H 


ch 3 

ch 3 - CH-CH 2 -OH 


H 


s CH s 

CH 3 - CH-C % 

ch 3 0 


H 


CH 3 

CH-C-OH 

J 1 

CH, 


/ CH 3 . 
CH —C sj3 

3 "o 


y CH-CH 3 

ch 3 -ch-ch 2 -c %o 


CH s 
I 3 

CH -CH -COOH 


CH 3"< 


.OH 


O 


ch 3 


CH-CH -NH, CH-CH, -NH, 


OH 

H-C / *4 


CH 3 -NH 2 si 5 


CH, 


CHj-CHj —N-CH 3 


CH. - CH. -NH -CH 

3 2 


ch 2 -ch 


CH 3 - CH -CH 2 -N-CH 3 













-CHO- 


CH„ 


H 

/ 


CH-CH-C 

JjJu - 2 



CH.-C-OH 
3 I 
H 

Ji-2 -o4>3>j 
(^jjLj ) 

CH, 

2 l 



• id U * all iVC 


Jxil 


: 1 


(g\-j. vli 4 ajJr> j) 




H 


H-C 


H 

/ 


O 

JUlij' 


sX o 

Jbli** 


- OH - 


:rfJLxa.il tU:^.^3te.4JU j- j -O- Tl :2 ^jU£= ^11 


H 

CH.-C-OH 
3 I 
H 

Jj -1 -o'-y! 

(Jji J5=6^>) 


.(Qaly»^--| rt.il ili-l j) JLiLs'' ( _ J £3 

H 


1 CH . 

2 I 


H-C-OH 

I 

H 

Jj- 1-jllwi 


ch 3 - ch~ch 2 ~oh 

J3- l-oWijJ 2 


-co- 


5 1 



3 CH-C-OH 
5 I 

ch 3 

J3-2-ob^ JjJlq- 2 

:rtJLxilJl rtX. jASfelb ^ ilA l 1 '—) >il 


.rt_xj^laSL!l rtjuln jJl IgJ (illLj^ijm) L "'1 

4 3 2 / CH 3 3 2 / CH 3 

ch 3 - ch-c % ch 3 -c % 

CH „ 0 0 


o3’2- l jij3J lJjuls- 3 


03-2-jL)3 > i 











-COOH 


§ 5 ^ 


. 5 , 3/ CH 2 -CH 3 

ch 3 -ch,-ch 2 -c %0 


033- o' 



d-C. Ll 4 


‘ijl* 


CH 3 

I 3 

CH -CH -COOH 


OJL^jbj >j Jala- 2 


/ 


OH 


CH, 


CH -C 

3 % 


O 


H-C 


/ 


O 


9^j(_Joa4- Z. j3t> Ub^jlaa! ilb^jload Jn-a>- 

^Jc. ij&j — N — Cj\ — NH — j\ ~ NH j !k jlt jig Vi : 5 -lil ii'ra ^1' 

-jlooaifl JJbu ijZby Ol- 4 ' ^3' OJ- 4 ' goati jJi 

.(sLuuuaifl ^ n _.U> jll) 


“3 

CH 3 -CH -NH, 
Oj- 4 ' o'-y! J^l* - 1 


(J3'j^>) 


ch 3 ~ch 2 ~nh 2 


O^'o'jy! 
(i^i* CS- 4 ' ) 


ch 3 -nh 2 

OJ- 4 ' o^y- 4 

((J 3’ 1 J}- 4 ') 


ch 3 

CH 3 -CH, -n-ch 3 
01 -*' o'-y! Jy^ 4 - N. N 

UiJlijy.!) 


CH 3 -CH 2 -NH -CH 3 

j^ljlli! Jala- N 
(J^jli J>al) 


ch 2 -ch, 

■ N. J«! - N ch ^_ ch _ CH; _ n _ CH] 


a-JLjaaaJI ^ltJI jlj 





d>wa)\ <VxxvxSj\ 4 ox>^)\ V& 3 V $>09 b\}>\ 
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:<LJljJl .~jl j. < —>jjzA\ JLa-i _$3l~>'t \g i a J^a .jLu->.l —i-i-jUi ibLjji 

(A) : CH 3 - CH 2 - CO - CH 3 ; (C): CH 3 - CHOH - C 2 H 5 

(B) : CH 3 - CH 2 - CHO ; (D); CH 3 - COH - CH 3 

£h 3 

■ ■ j & J^S | 4 -UI _l 1 

(«J Ijjj i( + ) djLi! [IsLuisj Jc.Lil!l («j Ijj iOljl ii>! > i_i ib^l 0.1A jjlc J 2 

.(4) J! (1) Aj^Ajja .(-) ajLij Lijuo^ Jcliu biJaej 


4 

3 

2 

1 


- 

+ 

- 

+ 

(fr 2 0 7 ) ^b J 3 i=fc 4 

- 

- 

+ 

+ 

DNPH J3i^ 

- 

- 

- 

+ 

Jl-JL^ J 3 Jb«e 4 


• wJ^ul Jj==> JJl>- 


uUll 

_ J 

<UlJssj) — (Q^jD^j) (J_J 2 —0^5;* '• (A) ^_t£aj^Jl 

. (<U..i j^jj-lli Ah,j]rn 3 ) JULi^^ : (jB) ■ .•‘—'j A 

J 3 »>^=) J 3 — 2 — : (C) wu£=>j*oJt 

.( i _yUli J3. 7 e. lra ) — J3 -2- O^iJJ J- >'^ — 2 ! ( D) .-g.^TT 

-Ui'i .. - J 

L^jJl JUifcjJI 3A JUAjdifl oif ? IjUJ ((B) ^=>jgJl) JuAjdi/l ^ ^3^=«J s 1 

. J3 DNPH .Cjl«3^a ^jjb ^4 J^» J^liLb 
• DNPH ItTfla (JcLaoj j3 j_lSjI q‘s! ((A). l _ ? lc 3^.) :2 _i3-iji’l 

£4 iai3 J^Uuj (jjJbJl Jj pe^J l ((C) >jIQ L$$jbJl J33eSUl 3.1 Tej ■ 3 -_i3-ij^l 

• Ol<»3^9 ^yjb 

^4 JcLiuj y ijjJLUi J 3 - T eS ’ . l i (jif ((D) .>*—1^0 <_,gJbJl J y * ^ ' <_,!£. lS3~*j*j =4 ^J3-ujfi 

. £_L^i3 J3^*4 3 { •DNPH i Jjla $J^=> uJb : ^4 
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taJUJi ^jUIi J ->i 


1- CH 3 - OH + Na -> 


2- C n H 2n +... -M^c^-OH 


3- CH 3 -CH0 + 0 2 (g) — 

4- C x H y O t +CuO —>C0 2 + H 2 0 + Cu 

5- R-CH 2 -OH + Cr 2 0, 2 ~ +H* -+3R- CHO + 2Cr 3> + 7H 2 0 

6- R-CHO + Mn0 4 +6H' -+2M 2 * +3H 2 0 + 5R-C00H 

1- 2CH 3 -OH + 2Na —> H 2 + 2(CH 3 - O’ +Na* ) 

2- C n H 2n + H 2 0 -W->C„H 2h+1 -OH 

3- CH 3 -CH0 + 0 2 (g)-^->CH 2 -C00H u) 

4- 2C x H y O z +(4x + y-2z)CuO -> xC0 2 +^H 2 0 + Cu 

5- 3R-CH 2 -OH + Cr 2 0 2 ~ +8H’ ->3R-CHO + 2Cr 3 ' + 7H 2 0 

6- 5R-CHO + 2MnO;+6H* -+2M 2 * +3H 2 0 + 5R-COOH 


1Q 






















4 b\Jb\ 4 M>Jd 


rtJjljLaJ' 3 _U1> Oj'3^ O* .'. i=» i’l t'Jj _-^4 ■] 

C x H v 0 2 + (4x + y-2z)CuO —>xC 0 2 +^H J 0 + (4x + y-2z')Cu 


12 12 a ncvc 

m c=—mco,= —*6=1,636 


2 2 

m H = — m H 0 - -—x 3,3 = 0,367 
" 18 H}0 18 


m c = 1,64 g 


m H ~ 0,37g 


-.m c >_jL^v ■! 2 


■.m, 


:171 q wiliii *>• 


m 


0 = m u -k+ m H ) 


m 0 = 2,78-(1,64 + 0,37) ; m o =0,77g 


: ■—■ ^ai! A 1 y, nil eUju jjsjl ?• 1 ~ i " ., 1 «J 3 


12x y 16z M 

: IjjjJ 

m c m H m 0 m 

i^-—>^-aJL3 M ai-.cu .1 


M = 29d = 29x2,07 = 60,03 


M =s60g/mol 


12x M 


: Li-jJl! :X l il... 


m r m „ , 


m c .M 1,64x60 _ 

x -£_ = — _= ? Q4 

12 xm^ 12x2,78 ’ 


x = 3 


J! AjjJU IjJ JJLC. 5A X 


y 

m H 


M 


m 


. -**TT> v «ll 


: Lu j J . >1 ..i 


















m H xM ^ °’ 37x60 _ 2 q ^ 


m 


■ jli 


2,78 


y = 8 




: JJjJl J! AjjJfU tjJ i lrT i JJl£. y 


z = 


m 0 xM _ 0,77 x60 _ 
16xm . , 16x2,78 


1,03 


16z M 


l L i -) jJ :Z —jL—_>■ 


m 0 m 


z = 1 


C H O ■■ rtJuo^aJl Auuaj 


^ 300^ 

















|C>5oLcO tjA 


folJ._U}UAXl*h. 


A A 


A * il \j t A II 





\M> 

r ■ I f i 11 \ i a 1 ~*i' l ilf . 1 i i d A ^ • 

^3- c-Li^tfliLa .Ajjb^oAli |»3 Lsl!i SjI# j aaxSj LiS jLxo 

AjuoLjj CiLLul>- 3 JLxj |«J -JUJlsaJl £ljjill 

.. im>j juaLJi 


4->-ijU .4 LII^.L| » 1 Jn i j ¥ U<1 

■Xi 11 4 jJjLc^ 4 ‘ xl x ^yi 


h ' 

u(^2) uij 


3 ,4_sjL^JI 




OjL^-uj jl II >1 jJI ^JLu 4jjb \j’\ k A i > q I i II 


jJI qJili- j-q 


4-01 


J lr-> 4 fl >‘11 v 13 Lj^LSLJl JlJU L03 J jjj II C . tl 

























